^ . DOCOBEHT BES08E 



ED 117 284 



AOTHOB 
TIfLE 



INSTITUTION 

REPOET NO 
PDB DATE 
NOTE 

AVAILABLE FROfl 



^EDES PEICE 
DESCEIPTOES 



OD 015 696 



MaliDTt, Eobert M*; And Others 

Body Dimensions and Proportions^ White and Negro 
Children, 6-11 Years; United' States* National Health 
Survey Series 11, No# 143 

Health ^le^ources Administration (DHEW/PHS) , Bethesda, 
Md* " . 

DHEH-HEA-75-1625 
Dec 7tt 
■72p. 

Superintendent of Dpguaents, D^S* Government Printing 
Office, Washington, D#C# 20402 Order Publication No* 
DHEH (HEA) 75-1625; $1*30) ^ ^ 

l!F^$0*76 H5-$3*32 Plus Postage 

Age Groups; Bo^y Height; Body Height; Caucasians; 
Child DeiLelopment; Children; Comparative Analysis; 
♦Growth Patterns; Saturation; Negro youth;„ *Phystcal^ 
Characteristics; Physical Development; Bacial 
Characteristics; *Eacial Differences; *Sex 
Differences; Statistical ^Data; *Statistical 
Surveys 



ABSTEACT ^ ^ 

The fifth in a series of reports presenting analyses 
and discussions of data oiv height, weight, and 28 other body 
measurements taken *from, a probability sample of noninstitutionalized 
children in the United States aged 6-11 years, this document compares 
the growth patterns of white and Negro children for 20 body 
measurements. Emphasis is^ placed on comparisons of age and sex 
specific means and medians for Negro and white children. These 
national estimates are based on cross-s6ctional data, which are said 
to* limit the analyses to attained size gather than velocities of - 
growth. All/dimensions ar^ said to increase almost linearly^ with age 
from 6 thro!]\gh 11 years in Negro and white children, both males and 
fettales? Conclusions derived from these data are considered to agree 
generally with most other anthropometic comparisons of American white 
and Negro childr^ with these statistics providing figures hel/ to be 
current, comprehensive, and reliable national estimates. Twenty-six 
detailed tables of statistical material are provided. (Author/Afl) 
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Presents and discusses data on 20,anthropbmetric dijnensions of 
children '6-1 1 years of age in the United States, 1963-65. The data. ^ , 
are analyzed by race as/well as age and sex and connpare the pattern's > 
of body growth in Negro and white children in the United States. 
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BODY DIMENSIONS .AND PROPORTIONS, . 

WHITE AND NEGRO CHILDREN 6-11 YEARS 

Roben M. Malina, Pli.D., tcter V. V. Hainill, MD., M.PJL. and Stanley ^Lcmcshow, M.S.P.H3 



This re port /Compares the growth patterns of 
white and Negro children for 20 body measure- 
ments -serected from a survey of U.S. children 
6-11 years of age, Cycle ll of the iiealih Exam- 
ination Survey. It is the fifth in^asj^ries of re- 
portSjpresenting analyses and discussions of data 
on height, weight, and 28 other body measurements 
'uken io Cycle 11. The firfec two reports anar 
lyzed height^ and weight by age, sex, race, geo- 
graphic region, and various socioeconomic indi- 
cators. The third report^ presenteddataon skin« 
fold thickness. The fourth** considered data, b> 
age and sex, on 21 body mcasurem. nts performed 
in Cycle 11 which are specifically useful to those 
concerrfed with human factors in equipment and 
safety design and in the manufacture of furniture 
and ^clothing, g 

The Health f^xamination Siirv^> (I ICS) is con- 
ducted by the National Center for Health Statistics 
tc CQllect and analyze health- related data on the 
A-nerican people through direct examination of 
'^elected" subjects. It is a'succession o^ separate 
programs, each * referred to as a ''cyc-le,'* and 
each cycle lasts from 2 to 4 years. ^ 

Cycle 1 of lli:s, conducted from 195^ to 19^2, 
obtained information on the prevalence of certain 
cfTronic diseases'and the distribiition of anumlx^^r " 
of ant^f<5toometric and sensory characteristics in 
the civilinn, noninsiilulionalized population of the 
conterminous L'nited States aged 18-79 years. 
The general plan and operation of the survey and 
Cycle I are described in two previous reports,^ ^ 

* Associate Professor of Anthropology, Umvcrsity»f Texas, 
Austin, Texas; Medical Advisor, Children and Youth Pro^.rani, 
Division of Hcahh Examinatuiii Statistics; and formerly Aiw 
lytical Statistician, DHES, respectively. 



and most of the results ai;e published in other 
Series 11 reports of Vital and Health Statistics. 

Cycle 11, conducted from 'IJuly 1963 to De- 
cember 1965, involved selection and examination 
of a proh)abiliiy .sample of noninstitutionalized 
children in the United Slates aged 6-11 years. 
This program succeeded in examining 96 percent 
of the 7,417 children selected for the sample. 
The examination had twoemphases. The first con- 
^cerned factors related to healthy growth and de- 
velopment as determined by a physician, a nurse, 
d dentis^t, and a psychologist; the se9ond concerned 
a sariety of somatic and physiologic- measure- 
ments performed by specially trained technicians, 
fhe -detailed plan and operation of Cycle Hand the 
response results are described InVfto/ and Health 
Statistics, Series t. Number 5.^ A comparable 
cxamina^n of data collection fc*f Cycle 111, youths 
aged 12- IT,'' was completed in 1970, and the plan 
and operation are described in Seriej/l, Number 

The preserTt report and Series^ 11, Number 
123 together consider 27 of the 30 body measure- 
ments taken in Cycle 11, leaving outonlythe three 
skinfold . measurements. Although . companion 
piecies, these two reports are very dissimilar in 
purpose and method of analysis. As stated in the 
introduction to Series 11, Number 123*: 

Ilie main purpose of the numerous body 
, measurements collected in Cycle 11 was to 
define a normal pitte^*n of growth and devel- 
opment in childrenv^in the United States in the 
^ * middle 1%0's {and to describe some of the 
modifying factors).* However, the opportunity 
to obtain data on this uniquely representative 
sample of U.S. children for more utilitarian 
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purposes as w^ll \\as not disregarded. In 
(>Lle 1 ^adults agOd 18 bod> meas- 

urements \\erL' obtained nut onl> as ms.-dical 
and anthropologic correlates to th^ rest ol 
the examination, but also as data for use in 
the consideration of anthropometric factSrs 
'in equipment and safepy design and manufac- 
ture (furniture, clothing, etc.)... The 21 an- 
thropometric dimensions in this report were 
included ip the group of body measurements 
partly for th^ir descriptive value inthegrqwth 
and development battery and partly for their 
use In "human engineering'' or-"human fac- 
tors" work. Some of the. measures have 
limited value in describing growth and de- 
velopment because they comprise multiple 
layers of .tissue, multiple organ systems, 
and/ or multiple loci of growtfi (e.g., waist 
and chest size, thigh clearance, all girths, 
seat breadth). However, many of these di- 
mensions were selected primarily to achieve 
continuity with those measurements taken on 
adujts in Cycle 1 of the HhS...'* 
'Vhs^i report was duscriptiye and utilitarian 
in its purposes. Percentile distributions of each 
measurement by age and se:< were presented as 
found in the total population of U.S. children ir- 
respective of race, in contrast, the present re- 
port is biologically oriented, and the data are 
analyzed separately for white and Negro chfldfLn. 
In addition *to the 20 separate body m^-asurcments 
taken in Cy^lc II, which are listed below, three 
indexes and two derived measurements (each 
based on two or more of the separate measure- 
ments) are used in the ^resenD (Comparative 
analysis. 

Ilie 20 separate dimensions presented in 
this report by age, sex, and raee are weight, 
stature, sitting ^height, buttock-knee length, pop- 
liteal height, fgot length, aeromic/n- olecranon 
length, elbiw-wri'st len>:th, hand length, biacrom- 
lal breadtfT, bieristal bi\*adth, bieondylar breadth 
of the femur, ch.'St breadth, chest deprh, upper 
arm jJirth, lowei arm girth, calf girth, chest 
girth, waist girth, and hip girth. 

In addition to gross body size, these di- 
mensions provide measures' of upper and lower 
extremity lengths, body breadths across Irony 
landmirks, and various 'extremity and torso 
girths. Lxtremlty length measurements make it 
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possible to assess the relative contribution of 
different segments (for instance, the upper arm 
and forearm to toial arm length) and thus to better 
describe body pioportions, Breadth measure- 
ments are indicators of skeletal breadth; )\hen 
taken at several body sites they indicate the con- 
tribution of skeletal framework to bodj/ build. 
Limb circumferences provide an estimate? of rel- 
ative muscularity and thus an insight into the 
body's composition. Ilie arm, for example, is 
comprised of suceessive layers of bone, muscle, 
and fat. When arm circumference is corrected 
for the thickness of the outer layer of subcuta- 
neous fat at the triceps site, an estimate of the 
lean component of the arm*s composition is ob- 
tained. (See below.) Trunk circum(erences are-of 
limited value lO estimating body composition ex- 
cept perhaps in extreme cases of undernutrition 
or overnutrition. "Hiey m<iy, however, contribute 
to a general appraisal of physique, e.g., the'ratio 
of chest and waist circumference. Each of the di- 
mensions is defined andthetechniqueof measure- 
ments described in detail in appendix 11. 

Two dimensions were derived from the avail- 
able measurements. First, sitting height was sub- 
tracted from stature co provide an estimate of 
subischial length, bubischial, or leg, lengtti en- 
ables us to partition stature into two major com- 
ponents: the trunk, head, and neck, which com- 
prise sitting height, and the lower extremity 
length. Second, an estimate of the mid -arm mus- 
cle circumference (lean component) was obtained 
by correcting the upper arm circumference for 
the thickness of the triceps skinfold as follows: 
I, ML (estimated muscle circumference) = upper 
arm circumference - » triceps skinfold. In req^nt 
years the estimated upper arm muscle circum- 
ference IS often used as an anthropometric index 
of nutritional status.^ '^ 

In addition, th^ee ratios weretierived fromjthc 
available m*.asuremcnts; (1) the ponderal index, 
height/^weight, ^ to provide an approximation of 
physique on a linearity/laterality continuum; (2) 
the. ratio of sittingheight tostature, sitting height/ 
stature X 100, to indicate the relative contribu- 
tion of sitting height (liead, neck, and trunk) to 



[ii ioinputini; tins tauo lioi^lit is expressed in inclics .iiul 
weight ui pciuiuh, winch pri>diites a tiiffereiit result than would 
the uscfof metric measures. — 
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tot^l stature; and (3) the ratio of biacromaal to 
bicfistal breadths, biacromial fcttciadth/ bicristal 
breadth X 100, to indicate the relative propor- 
tions ^if shoulder and hip width, llie shoulder, hip 
ratio is used frequcntl> in studies of body propor- 
tions and physique. 

Estimates of the usual parameters for dis- 
tributions (ife., mean and standard deviation) ^re 
used throughout the report except where distri- 
butions deviate from normal. The percentile 
values indicate the general nature of the distri- 
butions. In general, with the exception of body 
weighjt and several girths, the dimensions dis- 
cussed in the present report are normally dis- 
tributed, or show onl> flight and inconsistent de- 
viations over the age span under stud>. Normally 
distributed dimensions are primarily length and 
breadth measurements, which are measured be- 
tween well-defined bony landm^irks— bone-to- 
bone measurements. The distri()utions of body 
weight and of limhand trunk circpiferenccmeas- 
urem.nis deviate from the normal over the ages 
studied and art skewed to rhe right. The positive 
skewness is nriDre apparent for body weight and 
trunk circumferences. Of the three limb circum- 
^ ferences, lower arm circumference is normally 
"distributed, while both upper arm and calf cir- 
cumferences arc slightly skewed to the right. The 
skewing of weight and girth* measurements re- 
fleets the contribution of subcutaneous fat to these 
dimensions. Subcutaneous fat measured via skin- 
fold thickncsfci IS positively skewed in distribu- 
tion. ^ Hence in th is report medians of weight dnd 
girth measurements arc uSed. for comparative 
purposes; however, nrjeans and their standard 
errors are also inclutJed in the detailed tables 
because these statistics a re widely used by others. 

Ilie six new body measurements reptorted 
. here complete the presentation of percentile 
distributions of all 30 body measurements taken 
in Cycle II. I'ive of the '30 measures (height, 
weight, and three skinfolds) were ^.^xamined by 
socioeconomic and demographic variables, in 
addition to percentile disiributio^is specific for 
age, Hex, and race. ' ^ Of the 25 rcmain'ing body 
dimensions, seven were considered useful only 
for Series 11, Number 123^(foot, hand, seat, and 
elbow-elbow breadths; thigh qlearance; knee 
height; and buttock-popliteal length). Six are pre- 
sented for the first time in this report (the three 



extremity girths: calf, upper arm, and ioNver arm; 
and three bone-to-bone , breadths: biacromial, bi- 
cristal, and bicondylar;. Twelve measurements 
are examined in both reports (sitting height, pop- 
liteal height, buttock-knee length, a<:romion- 
olecranon length, elbow-wrist length, fdot length, 
hand length, chest breadth and depth/^chest girth, 
waist girth, and hip girth). IJeight and weight, of 
Lourse, are included in many of these reports. 



METHOD 



At each of 40 locations preselected randomly 
throughout the United States,*^ the children were 
brought to the centrally located jmobile examina- 
tion center for an examination which lasted about 
2 1/2 hours. Six children were examined in the 
morning and six in the afternoon. They were trans- 
ported to and from school or home. 

When the children entered the examination 
Center, their oral temperature was taken and a 
cursory screening for acute illness was ^lade; if 
illness was detected in a child, he wds sent home 
and examined at a later date./ The examinees 
changed, into shorts, cotton sVveat socks, and a 
light, sleeveless top and proceeded to different 
stages of the examinapidn, each one following a 
different route. Fhere were six different stations 
wherQ examinations were conducted simultane- 
ously, and the ^t ation^s were exchanged, somewhat 
like musical cha!?s^^>o that by the end of 2 1/2 
hours each child had had essentially the same ex- 
aminations by the same examiners but fn a dif- 
ferent sequence. At three of these stations a pe- 
diatrician, a dentist, and a psychologist made 
examinations, and at the other three stations 
highly trained technicians performed a number of 
other Examinations— chest and hand-wrist 
X-rays, hearing and vision tests, respiratory 
function tests and electrocardiography, a bi- 
cycle exercise test, a battery of body measure- 
ments, and a grip strength test. "* 

The recording form^for the battery of 30 
body measurements is reproduced in appendix 11, 
which also gives details on equipment and meas- 
uring technique. All lateral measurements were 
performed on the subject's right side and record- 
ed by a trained observer. Periodic quality conirol 



^Scc appendix I for sample design. 
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observation and training sessions were conducted 
by the supervisory medical staff andoutsido con- 
sultants to insure continued proficiency and to 
obtain replicate, data for the purpose of quantifying 
observer error. The results are presenter! in de- 
tail in appendix H. 

As in all the HHS reports, age is basically 
defined -as age attained at last birthday (verified 
from a copy of the birth certificate in 95 percent 
of the Cycle II examinees). The mean age of-each 
category therefore approximates the midpoint of 
the whole year; for instance, the 8-year-old male 
group consists pf a 1-year cohort whose mean age 
is 8.51 year^, while the corresponding female 
sample averages 8.49 years. 

"Race" was recorded as "white,'"*' "Negro," 
and "other races." ^ White children comprised 
85.69 percent of thb total, Negro children 13.87 
percent, and children of other races only 0.45 
percent.'" The differential response rate by age, 
sex, and race is discussed in appendix I. 

RESULTS . 

Weight and Height 

Weight and height in^ie Cycle II sample have 
been I discussed at length in previous reports.'-- 
fhey are included here to provide a nvn'c com- 
plete picture of the anthropom(4ry of American 



|rlic classification schciiic used in tlu- 1960 census was 
oni|>^^)vCil licrc. As licscribcil in the report on tlie operation of 
HES- Cycle ll/ tins information was obtatntd at tlic initial 
liouitliuKl interview bv the U.S. liurcau of the Census field 
worker. Its accuracy was tlieckcil at the subsequent home visit 
bv the HES representative ami again at the examination in the 
trailer. A final record check bv birth certificate turned up()nly 
se\U iiium^islciities. and these .\ere inostlv pcrtainini; ti^ tht 
eaiegory "other rates." Hence the possible extent of mis 
clissificatUin of the variable race is Sii minunal that it cmiUl 
lidvc no effect on the data analyzed in this report. However, 
wliqn compariiii^ the HES finding to those on other variouslv 
dbfined racial i;roupiiii;s in the world, the dejirees of i;enetic 
ollmixture. as discussed first b) Hcrskowit^ in 1928_*' and later 
lly (.lass and Li.' ^ bv Roberts.*'*'' ^ and by Reed should l>e 
taken into consideration. 

/ 'children of other r.ices were included in Series 11. Nuin 
/bcr 12*3. when all the data were an.dy/ed independently of r.ice 
/but arc omitted, because thev are so few, when a whitc«Ncgro 
dichotomy is used, as m the present report. 
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Flgure 1. Median weight of white and Negro children by sex 
and aqe. 



iNegro and while childrenduringmiddle childhood. 
Both weight and height are measures of gross 
body size and, as expected, increase linearly with 
age between 6 and 12 years (figures 1 and 2, cables 
I and 2). 

Median body weights for white and Negro boys 
differ only slightly from 6 through 8 yeai^, but 
by 9, 10, and H years differences in median bc^dy 
weights have become greater and are congisi^i^htly 
larger in white boys. White girls have sHghtly ' 
greater median body weights than Negr<) girls at^ 
6, 7, B, and 9 years of age, but at lO^iid 11 y^s 
the median weights for Negro girjs are sJWghtly 
greater. / 

Kacial differences in average statu re a re neg- 
ligible for males, mean statures for Negro boys 
being slightly greatet 0^7, and 8 years of age 
and those for white boys slightly greater at 9 and 
10 years. On the offier hapd, Negro girls have 
consistently grejafer me^rf statures than white 
girls in all grpup^ except the 8-year-old 
group, so that at ag^fs 10 and 11 they are both 
taller and heavier tKan ,white girls. 
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Figure 2. Mean height of white and Negro children by sex and 
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Figure 3. Mean ponderal index of white and Negro children by 
se)t and*age. * • 



dexes for Negro and'\vhitc girls appro<ich each 
other. ^ Note; ho'^ever, that ir is at those two ages 
that Negro girls ^are heavier than white ^rls. 
Nevertheless, the mean ponderal indexes for 
'Negro girls at every age except 10 are higher 
than those for wh|te girls. » 
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Ponderal index ^ 

Viewing the relacionsh:ip of height, and 
'(heigtu/v'^elghr)as expressed in the ponder 



rtjbight 
index 



/figure 3, table 3) indicates consistently ihigher 
indexes for'Negro children of both sexes tJian for 
whites. High ponderal indexes suggesyliincariLy 
of physiqu^, while low indexes sugge^ lattrality. 
Rms the foregoing ratio of h^ighi/Ond wdight in- 
dicates a linear physique in Nk^ro children of 

, both sexes. The *dif f erence be;>ween mean] ionderal 
indexes of Negro and while boys at each age is 
rather consistent from if through 11 yc.irs. For 
girls this difference is^imilarly cpnsist ;nt frgin 
6 through 9 ye^rs, Jkmt at 10 and 11 yearp the ini- 



Components of Stature: Sitting Heigh't and 
Subischial Length 

Partitioning standing height into s-itting height 
(figure 4. table 4) and subischial length, or stat- 
ure njinus sitting height ^(figure 5. table 5). illus- 
trates the welUestablibhed racial difference itvthe 
components of Stature: Negroes are longer 
legged and shorter trunked; conversely, whites 
are shorter legged and longer trunked. This is 
true for both sexes, the difference between racial 
groups being generally consistent over the age 
range studied, , , 




Sitting Hoight/Staiure Ratio 

The ratio ofsitting height to stature (sitting 
height/ standing height X 100) is consistently High- 
er in white children of both sexes (figure 6, table 
6)* This ratio indicates -that a significantly great-- 
er percentage of standing height is contributed by ^ 
nhe sitting height (h^ad, neck, and trunk), and less 
by sUbischial or leg length in white than in Negro 
children, while of course tlie oppgsite is true 
for Negrd children. The ratio of sitting height tcv 
stature decreases in a parallel manner with in- 
creasing ag^ from 6 to 11 years, indicating a 
greater contribution of the lower extremi^ties to ' 
sta'ture with advancing age during middle child- 
hood in children of both racial groups. 



Figure 4' 



Mean sitting height of white and Negro children by sex - ^ 
^ and age. % 
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Mea^ SUbischial length of white and Negro children by 
sex ar^d age. 



Figure 6^Mean sitting height'staturft rali^Tof wh}te and Negro 
\ child r<»n by sex anoafle. "L^. 
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Partitioiving the Lower Extremity 

*• * ' • 

* Although traditional bone-tp-bone landmark 

measurements, of the lower extremity were not 
taken, two measurements used primarily for 
■'human engineering" or "human factors" re- 
search purposes provide an approximation of 
racial differeiices * in tfie components of lower 
exiremil3r length. Buttock-knee length, .though 
, affected by fatty tissue deposits over the buttocks, 
provides a rough approximation of thigh or upper 
leg length; popliteal height provides an approxi- 
marion oi lower leg lengtf^. Buttock^knee length . 
is consistently longer in Negro girls than in white 
girls, th^ mean differences being smaller at 6, 
7, and 8 years than at 9, 10, and^ll (figure 7, 
table 7). ITie bullock- kpee length of btoys shows 
no consistent pattern of differences*^er the age 
range studied. /Vlchough Negro boys have longer 
butiock-knee length measurements at 6, 7, and 8 



'years, differences between Negro and white boys 
are negligible at 9, 10, and 11 yi?ars. Popliteal 
height is consistently greater in Negro children 
of both .sexes over the age span^ with the differ- 
ence between means at each age group being very 
cojisisteni (figure cable 8). 

The data for buttock-Knee length and popliteal 
height, though both are enly approximate measure- 
ments, suggest that the greater lengthoftlie lower 
extremity in Negro children is due especially to 
a longer lower leg, the differences in upper leg 
length being minor and inconsistent. This gener- 
alization is in agreement with recent observa- 
tions. on Negro-and white 'children utilizing tra- 
ditional bony l-andmarks. which give more precise 
.measurements.^^ 

Foot length is likewise consistently greater 
in Negro children of both ^xes-over the age range 
studied (figure 9, table 9;. Again, the dif^ence 
betweefi means at each age is very cpnsistent. 




Partitionii^g the 
Upper Extremity^ 



A generally similar racial pattern to that 
- observed for the lower extremity is e.vident for ^ 
the upper extremity. Acromion-olecraTton length 
(upper arm length) is consistently greater in • 
Negro girls from > to H years (figure 10, , 
table 10). In boys, however, the pattern <*f dif- 
ferences is not consistent. Negro boy^fKave longer - ' 
-\ipper armfe'^at 6, 7, 8, and 11 year?-of age, while 
' white boys have longer upper arms at 10 years. 




f-\guTh 10. Mean acromion-olecranon length of white and Negro 
' • * children by sex and age. - . 



Figure \ 1. Mean elbow wrist fength'ofjwhftf and Negro children 
by sex bnd age. 
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Mean acromion-olecranoij^engths in Negro and 
white boys are identical at 9 yea3||||of age. It 
should be noted that a similar pattern of n^ean 
differences between Negro and white boys and 
girls lb apoarent for buttock-knee length, Elbo\v- 
wrist length (lower arm or foreaim length) is. 
consistently greater in Negro children of both 
se'xes from 6 through 11 years (figure 11, table 
II), andahe difference between mtans is rather 
consistent at each age group. 

Ifand lengtJi is also consistently longer in 
Negro children of both sexes (figure 12, table 12). 
The difference between means at each ag^Jsvery 
consistent. ^ ^ 

Negro children of both sexes have^ /longer up- 
*per expremities than do whites. This difference is 
largely due to'^'the longer forearms and hands of 
j^egro children, just as their longer lower extrem- 
ities are especially due to longer lower legs. (This 
is considered in more detail in the discussion.) 
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Biocromiol Breadth 

,! 

Negro ix)ys have slightly wider measurements 
of bony breadth of the shoulders at each age ex- 
cept 9 years (figure 13, table 13). Biacromial 
breadths of Negro 'girls are only slightly higher 
than those ot white girls at 6 and 7 years (and 
are the same at age 8). At 9, 10, and 11 years, 
howevef , the difference between Negro and white 
,^irls is greater, perhaps ..only reflecting the 
larger body size of the Negro girls at ijhese a^es 
(see figures 1 and 2). . - 




Figure 1^. Mean hand length pf whtte and Negro children by sex 
V and age. 



Figure 13. Mean biacromtal breadth of white and Negro children 
by sex and age. 
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Bicrisial Breadth 

• i 

The bony breadth acjjoss the iliac crests is 
consistently larger in whites of both sexes over 
the age span studied (figure 14, table 14). Also, 
the difference between means at each ^ge group 
is rather consistent from 6 through 11 years in 
males and 6 through 9 years in females. At 10 
and* 11 years the difference between bicriscal 
breadth means in Negro and white females be- 
comes sHghtly smaller than at the youftger ^es, 
although average bicristal breadth is still larger 
-in wjiite females. Thus, even though Negro girls 
are generally' larger in overall body size than 
white girls, especially at 10 and U years of age,, 
white girls have wider bicristal I?readthsov6rthe 
entire age span studied. 




Figure 14. Mean bichst^l breadth of whitft and Negro children . by 
* " >i sex and age. 



Biocr'omial Breadth /Bicristal Brea'dth 
Relotibo^hip 

^ .The ratio of shoulder to hip breadth (bia- 
/ctomlal breadth/bicristal breadth X 100) is con- 
sistently higher Negro children of both sexes 
■ oyer the age range studied (figure 15, table 15). 
The higher ratio indicates that Negro children 
havp more slender pelves relative to their shoul- 
ders than white children. Conversely, the lower 
ratio indicates that "white children have broader 
hips relative to their shoulders Chan Negro chil- 
dren, , - 

The magnitude of the biacromial/bicristal 
ratio decreases with age in an almost parallel 
manner in Negro and white girls, indicating a 
greater widening of the breadth across.thd iliac 
crests relative to the breadth of the shoulders* 
/The ratio in white boys is almost constant betw*een 
' 6 and 11 year3. In Negro boys the ratio at 6, 7, 8, 
^and 11 year^ of age is almost constant, but at 9 
ahd 10 yeatrs of 'age it shows a sharp increase. 
Whether this fluctuation in the ratio is only due to 
sampling variation in the smaller Negro sample 
is not clear. 
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Chest -Dimensions 

Chest breadth is, on the average," slightly but 
consistently greater in white children of both sexes 
from 6 through U years (figure 16, table 16). 
Chest depth, on the other hand, shows^noconsisj- 
ent pattern of racial differences over the age 
span studied (figure 17, table 17). Interestingly, 
Negro children of both sexes have slightly higher 
mean values at 6 years of age; thereafter mean 
values fpr/the ch^st depth measurement are gen- 
erally slightly larger in white children. " 
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Mean chest breadth of white and Negro children by 
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Figure 17, Mean chest depth of white and Negro children by. sex- 
and age. 



Bicondylar Breadth of ^he Femur 



%hi: 



his measurement N^across the condyles of 
the femur shows only jiegligihle differences be- 
tAveen Negro ^nd white children of both sexes 
from 6 through 11 years (table k^). ^ 



Limb Grrths 

Median values for upper arm girth are con- 
sistently larger in white boys 'and girls from 6 
^ through 11 .years; (figure la; table 19), and the 
dffference between medians at each age is rathe^' 

V consistent. .T!^ sighlficaV^cc of differences be? 
cween Negro and Vhiite children for this girth 

, measiirement will 1)e considered in the discussion. 
In lower arm girthf medi&ns for white boys are 
slightly though consistently larger 'than choseffor 
Negro boys from 6 through 11 yearsqf^ge. White 
girls have larger lower arm girth medians ar6, 
1, and 8 Vears.of age. But from 9 through 11. years ^ 




Figure 19.*Median lower arm girth of white and Negro children 
by sex and age^ 



FiguJij 18. Median upper arm ginlyof white and Negro children 
by sex and age: '* . 



Estimaled Mid-Arm Muscle Circumference 



no diff^reapes between Negro and white girls are 
apjM^Int in this measurement (figure 19, table 

1^ ^If girtii shows a pattern similar to that 
for uppi^'aVm girth. At all ages white boys and 
girls have larger medians for calf girththan their 
Negro counterparts (figure, 20/ table 21). Thedif- 
ferences between medians for Negro and white 
boys are/yelativQly small 6, 7, and 8 years but 
greater iat 9, 10, and 11 years. Differences be- 
tween the medians for" Negro and white girj^ are 
generaUy consistent over the age spanunder study. 



The upper arm girth corrected for the thick- - 
ness of the triceps skinfold ^ provides an estimate 
of the mid-arm muscle or lean circumference of» 
the arm. As noted earlier, this estiraated meas- 
urement is widely used in public health surveys. 
Although the estimated circumference is gener^ 
ally indicated being a muscle circumference, 
it should be noted that bone tissue, the humerus, 
is also included. The significance of the contri- 
bution of bone to this measurement, which is 
important in racial comparisons, is considered 
at length in the discussion. 



*^C«mpAnsun of skinfold thicknesses in the Negro and white 
.sample discussed here is treated in detail in another report.^ 




Figure po. Median calf girth of white and Negro children by sex 
and age. ^ 



Differences irr estirnated muscle or leancir- 
cujSiferenct^of the arm between Negro and white 
cWildren of both sexes are- small; nevertheless, 
joy aife consistent. N^gro boys and girls have, 
the average, consistently larger (estimated 
luscle or lean ctsPcumfer^nce^of the arm than 
vhites from 6 through ll years (figure 21, table 
(22). Thus the larger upper arm girth of white 
children noted earlier appears to be due to more 
Subcutaneous fat at ^he triceps site' in white chil- 
dren frdm 6 through 11 years. 
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Tor»o*Girth$ 



White child.ren of both sexes have consfi^tt 
ently larger m^»dian values for chest girth than 
Negro children from 6 through 11 years of age* 
(figure 22; table 23). With the exception of the 




Figure 21. Mean estimated mid-arni muscle. Circumference of 
white and Negro children by sex and age. 
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Figure 22. Median chest girth of white and Negro childcen by 
,sex and age. 
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Figure "23. Median waist girth of white and Negro children by 
sex and age. 




Figure 24. Median hip ^irth of white and Negro children by sex 
and age. ^ 



9-year-old sample, white boys also have larger 
waist ^irth measurements than Negro boys (figure 
23, table 24), Differences in median values for 
waist girtTi between Negro and white girls, how- 
ever, are not consistently apparent-over the*ages 
studied. Hip girth shows a pattern similar to that 
for chest girth: white boys and- girls have con- ^ 
sistently larger medians for this measurement 
from 6 through 11 years of age (figure 24, table 
25), Median values for both chest and hip girths 
in girls show a pat tjern^ of decreasing racial dif- 
ferences . with increasing age; so at' 10 and 11 
^ years of age differences between medians are * 
small. These observations are probably related 
to the greater overall body size of Negr9 girls at 
these ages. • , , 

DISCUSSION 

Patterns of growth shown in a series of * 
anthropometric- jdimensions' and^ind§xe^ were 
analyzed in a l^rge, representative sl^mple of 
U,S, Negto ^nd white children 6 through^l years 
of age. The data are- cross-^sectional (i$e., dif- ' , 
feirent children are represented at each age level) 
and are thus affected by t'he limitations of cross- ' 
sectional studies. In addition,'emphasis is placed 
on comparisons of mean or median values for 
.Nfegro and white children, despite considerable 
overlap between races in each age and sex group. 
Nevertheless, the present data provide updated 
anthropomenric information >vhich ^re reliable 
estimates m American-Negro and wiiite children 
of both sexes during middle 'c'hildhood^ 

The* Cycle II data for Negro and white chil- 
dren generally agree With existing data for con- 
temporary as well as for earlier samples. It is, 
however, difficult ro make, ptecise comparisons 
with most other studies 4n Account of sampling , 
and other methocljpj|pgical differences. One dif- 
ference is that the HESdata are grouped by chron- 
ological age, and so the average age is the mid-t 
point of the year, For example, 6-year-old diil- 
dren range from 6,00 to 6,99years, with the mean 
at approximately 6,5 years. In two rec<ent fetudies 
of Negro and white children which include the 
period under study,^'^*^^ children are grouped into 
yearly categories, with the wholeyear asthe mid- ' 
point. In those studies 6- year- olds are classified 
as children aged 5.50 to 6,49 years, with the mean 
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at approximately 6»0 years. Each of the two pro- 
cedures refers to the 6-year'old age group, but 
the definitions are different. 

Other technical dWficMties in making com- 
parisons relate to definition of sites and/tech- 
niques of measurement. For example, tapper ex- 
tremity measurements used in the present report 
were made between specific landmarks (e,g,, 
acromion to .olecranon), Krogman's measure- 
ments of upper extremity segments wdre derived 
by subtraction of measurements madt?at specific 
landmai'ks above floor level; for insiaryjejil^c 
ial height minus radial height giyas/'u^^r krm' 
•length, / '"r 

It should be further noted that but^ock-kn'ee 
len^ and popliteal height, j:wo of the measure- 
ments used in this report to partition the seg- 
ments of the* lower extremity/ are essentially 
human engineering measurements. Because these 
measurements, are made from surface to surface 
with light conta<^ they are 'confounded to some 
extent by variation in spft /tissues. Therefore 
buttock -knee length and popliteal heig'ht provide 
Only an approximation of acuial segmental lengths 
and are not as precise as , measurements using 
tradi?ional bony landmarks/ » 

^Ithpugh there are^' some overall body size 
differencg,s between Negro and White clvildren 
during middle childhood, especially In girls, the 
m a jo^^n thr opom e t ric <! itj^e r e nc e s bet we e n A m er- 
ican Negro and* >Vhiie* children are essentially in 
the proportions of the trunk and limbs. In com- 
^parison with white children, Negro children have 
Shorter trunks/ more slender hips and chests, 
longer lower extremities (efspecially ' a longer 
lower leg), and longer upper extremities (espe- 
cially a longer forearm and hand). Conversely, 
in con^parison with Negro .children, white chil- 
dren have longer,* thicker trunks, .wider hips, 
shorter lower extremities, and shorter upper ex-' 
tremities,. These dimensional and proportional 
differences between American Negro and white 
children,* w^re npted as 'far back as 1929 by 
Todd,!^ and are well documented, in other studies 
of children .and adults,* ^•^^*^'* Further, such pro- 
portional differences have been reported to occur 
prenatally during the first trimester, ^5-2? jya^^ 
implies that genetic factors affect skeletal di- ) 
menslon$: one's racial background predisposes 
the skeleton to^certain proportions. 
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In an attempt to assess racial differences in 
the limb segments comprising the upper and low- 
er extremities, the normal deviates for these 
segmeys were analyzed. For each a^e and sex 
group, the normal deviate 



was computed. Instead of its usual use in state- 
ments of probability levels, this measure is used 
here as an indicator of relative magnitudes. The 
larger the deviate, the greater the difference 
betweeii whites and Negroes, since by dividing by 
the stanU.u-d error of the difference, the problem 
of difference in relative magnitude is eliminated. 
Results of this analysis are presented in table 26,* 
A distinct pattern suggesting a proximal- 
distal gradient erjjerges for th^j^iree segments 
of the upper extremity. Differences between Negro 
and* white children are least marked for the upper 
arm segment (acromion-olecranon length) and 
most mazijced for hand length, with the values for 
the forearm .segment (elbow-wrist length) being 
intermediate. This, pattern of racial differences 
^--^or the upper limb, segments is appgtrent in all 
' -age groups .^except the 8-year-old boys and girls, 
in whom the deviatioii from a proximal-c'i?;tal 
pattern was very slight. 

In contrast to the proximal- distal gradient 
• of racial differences in the upper limb segments, 
there is no consistently apparent pattern for the 
^ segmg^its of the lower extremity -ip boys. The 
patten for girls, however, is safe la r to that 
i)oted for the upper extremity (table ^6),' Differ- 
ences ^between Negro and white children of both 
*, sexes are consistently least marked for thigh 
length (buttock-knee length). The pattern of dif- . 
ferences for the lower leg and foot is not clear 
in ^ys. In all but one age group of girls (the 9- 
year-old group), however, racial differences are 
most marked for foot length, with the value for 
lower leg length (popliteal height) being inter- 
mediate, . 

The preceding observations on the lower «x- 
.tremity are in part a function of the measure- 
ments^used and in part a function of the mechanics 
of the lo^er extremity. It should be carefully 
noted that two of the nrieasurements of lower ex- 
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tremUy ^gmenis are onI> indirect measures of 
segment length. Buttock-knee length, for example;^ 
IS affected to some extent by the deposition of 
subcutaneous fat on the buttocks andalsoincludes, 
thethicktiess of the patella or knee cap. (See 

Appendix II for discussion of measurement meth- 
ods.) Hence it is not a true measure of thigh pr 
femoral length* Similarly, popliteal height is an 
indirect rr^asure^of lower leg length, Bec4lise it 
is'^easui^d as the distance from the/ootr^st to 
the popliteal fossa, it includes not^oniy the tibia, 
the major bone of the lower leg, but aI®Q the bones 
of the ankle, especially the talus and calcaneus, 
rhus this measurement is not an accurate indi-^ 

f cator of lower leg length per se, » 

In addition to me^urement technique, the 
functional mechanics of\ie upper and lower ex- 
tremities limit direct commrisons of their re- 
spective segment lengths. The foot, for example, 
IS adapted as a weight-bearing unit in the upright 
posture, while the hand is adapted as primarily a 

* prehensile organ. Thus the foot joins the remain- 
der of the lower extremity at a 90-degree angle, 
whtle the hand i& a continuous extension of the 
fof^rm, " % 

Glacial differences in girths are affected to a 
large extent by variation in amount of subcutaneous 
fat. lliiS' is especially apparent for upper arm 
girth. When corrected for the thickness of the 
triceps skinfold, the difference between Negroand 
white children in upper arm girth is seen to be 
due to an excess of triceps fat in white children. 
s Comparing , figures 18 (upper arm girth) and 21 ♦ 
(estimated mustle circumference of the arm), 
one can note a reversal in the positi9ns of Negro 
and white children. White children have consist- 
ently larger arrn girths, but Negro children h^ve 
consistently larger estimated muscle or leancir- 
cumferences of the arm. Similar observations 
have been made by Malina,^^ for a sample of Ne- 
gro and white Philadelphia elementary schoplr^ 

, children Studied longitudinally ovej a I- year ^ 
period, 

As_ indicated earlier, cor^r»ecting the upper 
arm girth fof>the thickness of the triceps skin- 
fold results in what is generally termed the es- 
timated mid-arm .-muscle circumference. The 
significance, of "the contribution of bone tissue to 
this > estimated circumference is important in ' 
making racial comparisons. Data comparing the 



breadth of the humerus* (determined from a ra- 
diograph) in Negro and white children are lacking. 
Carn^^and Smith anj^J^Risek,^^ however, reported ^ 
little difference in periosteal diameteris of the 
second metacarpal, but did note grled^er cor- 
tical bone thickmess among adult Negc&s of both 
sexes than among the corresponding-^ite groups. 
This seems to suggest that adult Negroes have 
more cortical bone for the samfe periosteal di- 
ameter of bone. However, it is difficult to nfake 
inferences from measurements of second met- 
acarpal >yidJi -to the humerus; results of a study 
comparing radiographic bone breadth measure- 
ments of the second nietacarpal, second meta- 
tarsal,, humerus, and tibia indicated little pre- 
dictive, relationship fjrom one Tx)ne to the other 
in' a.^arriple of^white children aged 6 to 16,''^'"'^ 
iV is difficult tp make inferences from one 
skeletal area to another* The available data on 
bone width measurements of the second meta- 
carnal indicate^^little consistent racial difference, 
if any, in total width at the midshaft level. If the 
same is true for the humerus, the corrected arm 
circumference data would then indicate slightly 
but consistefncly greater muscularity in the upper 
arms of Negro compared with white children. 
Data from sampled of Olympic athletes indicate 
a generally similar trend. Using radiographic 
techniques. Tanner found that Negro athletes 
had slightly more muscle and bone tissi^e and 
less fat^ in the upfper arm and thigh compared to 
white athletes; although in the calf they also had 
less fat ,and more bone tissue, they had less 
muscle than whites. Thus this sample of Negro 
athletes had substantially smaller calf muscles 
relative to muscular development in the arm anU 
thigh than did white athletes. 

Special consideration should be given to the 
comparison of Negro and white girls. On the 
average, Negro girls are taller than white girls 
from 6 trough ll years of age and are heavier 
at 10 and 11 years of age. Cycle II data also show 
a reduction in the difference betw^n median girths 
of Nfegro and white girls at ages 10 and U. It 
would be interesting, to find out if there is a mat- 
urational difference between Negroand white girls 
at these ages. Malina,^^ for example, noted N^ro 
girls advanced over, white girls in skeletal ma- 
turity from' 9 through 12 years'of age, Todd"'"^ 
in 1931 reported somewhat similar observations, 
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noting greater variability between Negro and 
white girls than between boys, Todd^s small 
sample of >Iegro girls (n=s"'2) were frequently 
skeletally advanced compared to his larger sample 
of white girls. 

The rejport assessing skeletal maturity of the 
Cycle II sample of children 6-11 years of age, 
which IS currently in preparation, will contribute 
substantially to this question, 

SUMMARY 

Patt^j^ns of growth in 20 measured.ap.^hro- 
pometric' dimensions, two c|^rived dimension^, 
•and three ratios are reported and discussed for 
U,S, white and Negro children 6 through 11 years 
of age. The 20 dimensions reported by age, sex, 
and race are weight, stature, sitting height, but- 
tock-knee length, popliteal keight, foot length, 
acromion- olecranon length, elbow -wrist lengtlij 
hand length, biacromial breadth, bicristal breadth,' 
bicondylar breadth of the femur, chest breadth, 
chest depth, upper ai*m girth, lower arm girth, 
calf girth, chest girth, waist g\rth, and^hip girth,7 
The two diilnensions derived from available 
measurements are estimated leg (sublschial) 
length and estimated mid-arm muscle circum- 
ference. The three ratios are the ponder al index, 
the ratio of sittlpg height to stature, and the ratio 
of blacromial (shoulder) to bicristal (hip) width. 

These national estimates arfe basedoncrpss- 
sectipnal data, which limit the analyses to at- 
tained size rather than velocities of growth. Em- 
phasis is place upon comparisons of age- and 
sex- specific means and medians for Negro and 
white children. 

All dimensions reported here increase 
almost linearly with age from 6 through 11 ^years 
in Negro and white children, both male and fe- 
male, Although there are some ^erall body size 
differences (height and weight) between Negroand 



white children dunngmiddfe childhood, especially 
in girls, the major anthropometric differences 
between Negro and white children are differences 
in the proportions of the trunk and limbs, Negr^ 
children, on the average, have shorter trunks, 
more slender hips and chests, longer lower ex- 
tremities (especially longer lower legg), and 
longer upper extremities (especially longer ^re- 
arms and hands) than white children. White chil- 
dren, conversely, tend to have longer, thicker 
trunks, wider hips, and shorter^ower and upper 
extremities than Negro children. 

Limb (arm, forearm, mid calf) and torso 
(chest, waist, and hip) girths aregenerally larger 
in white children over the age ilrange studied. There 
are, nevertheless, excepHons, andthe differences 
between Negro and white children are not apparent 
o^r all ages from 6 through 11 years. For in- 
stance, Negro girls are taller and heavier, than 
white girls, especially at 10 aitd 11 years, sfnd 
this is reflected in. a reduction of median girth 
differences between Negro and white girls, at 
jthese ages, M^ich of the racial difference in girths . 
is explained by differences in the^amount of sub- 
cutaneous fat. This is Specially apparent for arm 
girth; when the arm cirxumferei^fe is corrected 
for the thiakness of the* triceps skinfold, it is 
obvious that the gjfrxh differences, between Negro 
and whict. childrenaf e du^ssentially to a larger 
amount of triceps fat i^f white children. In fact, 
when corrected for the thickness of the triceps 
skinfold, estitnated mid-arm muscle (including 
bone) circumference is consistently larger in 
Negro children. 

The conclusions derived from these HESdata 
geneTally 'agree with most other anthropometric 
comparisons of American white and Negro chil- 
V dren; the statistics provide current, comprehen- 
sive, and reliable ^national estimates of body di- 
mensions for American Negro and white children 
of both sexes during middle childhood. 
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^able 1. Weight of children by race, sex, and age at last birthday; saraple size, mean, standard, 
deviation, standard error of the mean^^nd selec^ted percentiles. United States, 1963-65 
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NOTE; n "Sample size; A"-p«ri*n2ted number of children in population in thou^and^; Jf^inean; 
J - standard deviation;/ -standard error of the mean . 




table 2. Height of children by race, sex, and age at last "birthday: sample size mean standard 
' •deviation, standard error of the mean, and Selected percentiles, Uhlted StatesTlgesfel 



Race, sex, 
and age 



N 
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5ch 



10th 
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50 th 
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90t2# 
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In centimeters 
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7 years--*-" 
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6 years—--' 

7 years----- 

8 years--— 

9 years-—-- 
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^s 
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7 years—— 
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11 years—- 

Girls 

6 years— 

7 years— 
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9 years— ^- 
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11 years—— 
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551 
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525 
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542 



461 
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505 
477 



84 
79 
79 
74 
65 
83 



72 

93 
113 

84 
'77 

84 
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1,^81 
1,739 
1,730 
1,692 
1,662 
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117.6 


^20. 3 


125.1 


128:2 


13 K 6 


6.69 


0.52 


118.7 


120.8 


124.5 


129.3 


132.8 


138.8 


7.80 


0.90 


125.6 


127.4 


132.-8 


13ff.4 


142.6 


149,8 


9.25 


0.65 


129,? 


131.6 


W8.3 


142.1 


146.4 


155.0 


7.42 


0.69 


136.2 


<149.3 


144.5 


148.4 


154.8 


160.4 



127.8 
134.4 
138.8 
145.4 
151.3 
I5l9- 



0.26.4 
132.7 
138.9 
145.9 
152.7 
159.4 



129.5 
134.5 
140.7 
144.7 
151.6 
159.2 



127.5 
132.7 
142.4 
150.^ 
155.9 
161.7 



NOTE: n « sample size; N» estimated number of children In population In thousands :^Jf - 



S - standard deviation; 



statldard error of the meaq 



mean; 
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Table 3. Ponderal Index of children by race, sex, and age at last birthday: , sample size, mean 
standard deviation, standard error of the m^an, and selected percentiles/ United States, 1963-6! 



Race , 


^ 

sex, and age ' 
* 


n 


XT 

N 


X 










Percentile 






5th 


10th 


25th 


50th 


75th 


90th 


95th 




WHITE > 












Ponderal index 










Boys 


489 


1,787 


12-8 


0.41 


0,02 


12.0 


12.1 


12.4 


12. 7 


13.3 


13.7 


13^8 






c r 1 
J J*. 


1-,781 


12. g 


0.44 


0.02 


12.0 


12.1 


12.4 


12.9 


13.5 


13.8 


13.9 






537 


1,739 


13.0 


0.48 


0.02 


12.0 


12.2 


12.6 


13.1 


13.6 


13.8 


13.9 






525 


1,730 


13,1 


0.^0 


0.05 


11.9 


12.1 


12.6 


13.2 


13.6 


13.9 


13,9 


10 years 




509 


1,692 


13.2 


0.53 


^.02 


12.1 


12.2 


12.8 


13.3 


13i7 


13.9 


14.0 


11 years 




542 


1,662 


13.1 


0.60 


0.03 


12.0 


12.2 


12.7 


13.3 


U.6 


^13.9 


14.0 


























X 




6 years - 





461 


1,722 


12.8 


0.45 


0.02 


12.0 


12.1 


12.4 


12.8 


.13.3 


13.7 


13.9 








1 , /lb 


12.9 


0.50 


0.03 / 


12.0 


12.1 


12.4 


12.9 


13.5 


13 . 8 


13*9 






498 


1,674 


13.0 


0.55 


0.03 


12.0 


12.1 


12.5 


13.1 


13.6 


13.8 


13.9 


9 years- 


-~ .L.w 


494 


1,663 


13.0 


0.58 


0.03 


11.9 


12.1 


12,5 


13.2 


13.6 


13.9 


14-0 


10 years 




505 


1,632 


13.1 


0.63 


'0.03 


11.9 


12.2 


•12.6 


13.2 


13.6 


13.9 


14.0 


11 yea^s 




477 


1,605 


13.1 


0.68 


0.03 


11.9 


,12.1 


12.6 


13.2 


13.7 


14.0 


14.4 








■> 
























Boys * 






























84 


289 


12.9 


0.36 


0..03 


'12.1 


12.2 


12.5 


13.0 


13.4 " 


13.6 


13.7 


7 years - 




79 


286 


13.1 


0.37 


0.05 


12.5 


12.6 


12.8 


13.2 


13.6 


13.9 


14.0 






79 


279 


13.2 


0.36 


0.03 


12.5 


12.6 


12.9. 


13.3 


13.7 


13.9 


14.0 


9 vears- 




74 


269 


13.3 


0.50 


0.07 


12.2 


12.4 


13.0 


13.4 


13.7 


13.9 


14.1 


lO years 




65 


264 


13.3 


0.64 


0.06 


12.0 


12.3 


12.9 


13.4 


13.8 


14.0 


14.3 


11 years 




83 


255 


13.3 


0.65 


0.06 


12.1 


12.4 


13.0 


13.4 


13.8 


14.0 


14.2 




GtrXs 










T 
















6 years'- 




72 


281 


13.0 


0.34 


6.05 


12-3 


12,4 


12-.6 


13.0. 


13.4 


13^6 


13.7 






93 


. 284' 


13.2 


0.48 


0.04 


12.1 


12.2 


12.8 


13.3 


13.6 


13.8, 


13.9 






113 


^281 


13.1 


0.5/ 


0.03 


11.8 


12.1 


12.6 


13.2 


13,6 


13.-9 


.14.0 






84 


265 


13.3 


0.60 


0.06 


12.1 


12.4 


13.0 


13.4 


13.8^ 


14.0- 


- 14.2 


10 years 




77 


266 


13a 


O.'BO 


0.07 


11.2 


12.0 


12.7 


13.3 


13.8 


14.1 


14.3 


11 years 




84 


253 


X3.2 

T ' 


0.74 


0.09 


11.6 


12. i* 


12.8 


13.4 


13.8 


14.1 


14.3 



J?0T5; n = sampl** .size ; y- estimated number of chlldrep In population In thousands; mean; 

S a£ staaudiu u^vlatlon: » standard error of the mean. < • * * ' 

' v** . c • 

In computing this ratio height Is expressed In In&hes and weight In pounds, which produces a 

different result than would the use of tnetrlo^mef^ures. 
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Table 4. Sitting height of children by race, sex^ and age at last birthday: sample size, mean, 
standard ^ieviation, standard error of the mean, and selected percentiles. United States, 1963-65 



Race, sex, and age 



N 



s 




Percentile 


5th 


10th 

• 


25th 


50 th 


,75th' 


90th 


95th 




NEGRO 
Boys 

6 years 

7 years 

8 years 

9 years — -* 

10 years 

11 years — 

Girls 

6 years-* 

7 years 

8 years , — 

9 years 

10 years 

11 years 



In centimeters 



489 


1,787 


65yO 


2.68 


.0,13 


60.4 


61.4 


63,2 


65.1 


66.7 


68.5 


69.7 


551 


1,781 


67.2 


2.74 


0.15 


63,0 


64.0 


65.4 


67.^ 




7u. 8 • 


71.8 


537 


1,739 


69.5 


2.94 


0.12 


65.1 


65.7 


67.6 


69.6 


>1.5 


73,3 ' 


74.3 


525 


1,730 


71.6 


3.15 


0.19 


66.4 


67.4 


69.6 


71.6 


73.7 


75.6 


76.7 


509 


1,692 


73.3 


3.07 


0.20 


68.3 


69.5 


71.4 


73.3 


75.4 


77.3 


78.7 


542 


l,d62 


75.6 


3:10 


0.13 


70/6 


71.5 


>3.5 


75.5 


77.7 


79.6 


80.7 


461 


1,722 


64.2 


3.00 


0.18 


59.2 


60.4 


62.3 


64. *3 


66.1 


68*2 


69.1 


512 


1,716 


66.4 


2.99 


0.12 


61 .-5 


62.6 


64.3 


66.5 


68.4 


70.4 


71A 


498 


1,674 


68.8 


2.89 


0.13 


63.7 


64.8 


67.. 1 


•68.9 


•70.8 


72.4 


73,3 


494 


1,663 


73.1 


3.19 


0.17 


65.8 


.67.1 


^-^68, 9 


71.1; 


73.4 


75.3 


76.3 


505 


1,632 


7a.5 


3.39 


0.14. 


68.2 


"69.2 


71.1 


73.5 


75,7 


77.6 


79,1 


477 


1,605 


76.5 


3.96 


0.15 


70.4 


7^2.0 


74.2 


76. 2\ 


78.8 


81,. 6 


83.7 


84 


289 


63.2 


2.48 


0.35 


59T2 


59.7 


61.4 


63.2 


64.8 


66.5 


68.1 


79 


286 


65-. 6 


^•.58 


0.29 


61.6 


62.3 


63.-5 


65.6 


67.5 


69.1 


70.1 


79 


279 


67.8 


2.81 


0.29 


63.5 


64.3 


66.2 


67.5 


69.4 


71.8 


72.7 


74 


269 


69.3 


3.69 


0.4P 


63.7 


64.5 


66.7 


68.6 


71.7 


74.5 


75.^ 


65 


26i4 


70.9 


3.54 


0.33 


64.8 


66.1 


68.3 


70.6 


73.2 


75.4 


77.5 


83 


255 


73,4 


3.36 


0.37 


67.8 


68.7 


71.4 


7i.6 


74.8 


77.5 


79.3 


72 


281 


62.3 


2,78 


0.35 


•57.4 


58:8 


60.4 


62.3 


64.5 


66.2 


66.6 


93 


284 


64.9 


3.05 


0.40 


60.0 


61.2 


62.7 


64.7 


67.0 


69.3 


70.5 


113 


281 


66.6 


3.50 


.0.26 


61.5 


62.4 


64.5 


66.3 


68.6 


71.5 


73.4 


84 


265 


69.6 


3.43 


Q.4^ 


64.2 


65.4 


67.4 


69.5 


71,6 


74.4 


75.5 


77 


. 266 


7r.9 


3.77 


0.48 


66.3 


67.6 


69.3 


71.5 


74.4 


76.8 


78^.9^ 


84 




»75.1 


4.08 


0.38 


68.3 


69.3 


72.5 


75.3 


78.4 


80.3 


•81.4 



NOTE: ft - sample size; iV- estimated number of children in population in thousands; X ^ mean; 
^t>^A A^xtif>*-ir>y>. Q - standard error of Lae mean. 



> standard deviation; 



30 



25 



Tsble 5. Sublschlal length of children:by race, sex, ^nd age at last birthday: sampli size," mean, 
standard deviation, standard error of the mean, and selected percentiles. United . S^;ate8, 1965*65 



Race, 'sex, and ag^ 



Percentile 



5th 



10th 



25th 



50th 



t5th 



: 90th 



95th 



WHITE 
Boys 



In centimeters 



6 years — 

7 years— 
yealrs-- 
years-- 

years- 
years- 

\ 



8 
9 

Id 
1] 



Girls 



6 Vears-^- 

7 y]ears-— — ' — — - 

8 years- — ---- 

9 vears — — - — — 

loTyears- — — 

11 years 



489 
551 
537 
525 
V509 
542 



461 
.512 
498 
494 
505 
477 



Boys 



6 yelrs- 

7 years — 

8 years — 

9 years — 

10 yeirs- 

11 years- 



Girls 



6 yearsv" 

7 year s A- 

8 years 

9 years-' 
-lOr*year s- - — — ---^ - , 
11^ years 



84 
79 
79 
74 
65 
83 



72 
93 
U3 
84 
71 
84 



1,787 


53.6 


3.24 


0.20 


48.5 


49.6 


;51.5 


53.3 1 


55> 


57.8 


59.4 


1" 701 


^7 0 




n 

U • 


^1 A 




J J. u 


'^7 1 
J/ . X 


4>i7.Z 


OX . 7 


OJ. / 


1 7'^Q 






. V • i.O 




Q 

J J . 7 


JO. 4 


AO 

OU . ^ 


A9 S 
0/^ . J 


fxL 7 


» AS 7 
* Oj . / 


1 

i. , 1 j\} 


A'^ Q 


4. ^z 






1 


A1 

OX. J 


04 . X, 


AA A 
OO . 0 


07 . u 


'./\J • o 


1 AQ*> 
i. , 07Z 


AA <i 

OO • 7 




n o 1 


Afr 9 
OU. z 


A1 A 
01 . 0 


AA 'X 
04. J 


A7 n 

0/ -lU 


AO 7 
07 . / 


79 9 


' 7"^ 7 


i. , OOZ 


7n 1 


A A'^ 


n •> 1 


A'^ n 
0 J . u 


AA ft 
04. O 


A7 

0/ . J 


7n 1 ' 


7*^ 1 


7 S A 
/ J .4 


'77 n 


1^722 


53.5 


3.47 


0.18 


48.2 


49.3 


51.1 


53.5 


55"7 


57.7 


59.1 


1 71 A 


S7 n 


7 fti 


n 1 A 


^1 1 




c^A*'' ft 


SA Q 
jO . 7 , 


D7 . J 


A1 "K 
OX. J 


• A!? 7 
OZ 4 / 


1 A7/i 


An ^ 
ou» ^ 


A OQ 


n '^i 
u • 


^/t 

jtf . J 


^A n 
^0 . u 


<;ft 0 
JO . Z 


AA 


A1 9 
0 J . Z 


. o 


A7 n 
- 0/ .u 




AA n 


A 

4. JZ 


n o Q 
U. 


A 


(^Q n 
D7.U 


A1 A 
OX. 4 


A"^ 

0 J . / 


A A 7 
00 . / 


7A 1 


, 71 » 




A7 


A '^O 


n *>A 


oU.3 


Rl 7 

oX. / 


04. Z 


A^ 1 
0/ . X 


ZU . i 




7/. Q 
/4. 3 


1 An*i 


7n Q 

/U. 7 


D .ZX 




0 J.O 


A*; A 
OD.O 


Aft 

Oo« J 


7n Q 
/U . 7 


7 Q ft 
/J.O 


7A A 
/ 0 . 0 


>7 ft' 


289 


56.0 


3.49 


0.41 


51.4 


52.1 


53.3 


55.5* 


58.2 


60.5 


61.8'* 


286 


59.6 


3.46 


0.37 


54.5 


55.3 


56.8 


59.3 


61.8 


63.8 


65.2 


279 


63.5 


3.34 


0.34 


57.7 


59.0 


60.7 


64.0 


65.9 


67.7 


68.7 


269 


65.7 


3.83 


0.57 


59.5 


60.6 


63.6 


65.7 


68.3 


71.0 


71.8 


264 


68.7 


5.82 


0.72 


60.1 


63.1 


66.4 


69.5 


72.1 


75.3 


76.1 


255 


72.2 


6.03 


0.50 


65.4 


66.9 


70.1 


72.4 


75.3 


78.3 


79.2 


281 


56.2 


l59 


0.57 


50.3 


51.4 


53.5 


56.5 


59.0 


60.5 


62.1 


284 


59.7 


3.22 


0.25 


54.9 


-55.5 


57.2 


59.5 


62.1 


63.7 


65.5 


281 


62.7 


4.14 


0.32 


56.1 


58.0* 


60.0 


62.8 


65*3r 


68.2 


71*. 1 


265 


67.9 


5.16 


0.56 


60.1 


62.0 


64.5 


67;. 5 


71.1 


75.1 


77.4 


.266 


69r.9 


7.06 


0.54 


62.4, 


65.2 


67.2 


70.8 


73.6 


77.2 


7 9. a 


253 


74.0 


4.18 


0.4:1 


67.3 


68.5 


71.1 


73.6 


77.3 


79.8 


81.3 



NOTE; n « sample size; estljn^ted number of children in population in thousands; X - mean; 
«* standard deviatipn; « standard elrror of the mean. 



31 
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Tabic Sittlm height/stature ratio (times 100) pf children by race, sex, .and aie^ap irfst, birth-^ 
• day; sample size, mean, standard deviation, standard error of the mean, and seleVted percent* 
ilea> United States, ' 1963-65 / . * ' ^ 



^ < 

Race^ 


■ ^ 

sex, and ag^ 


n 


/ 

/ 


- _ 

X 


$ 
1 




-4—^ » -, 

percentile 


.5th 


10th 


25th 


50th 


75th 


yu tn 


QC 

y3tn 




• ' ■ • 

-white' ' 










Setting 


height /stature ratio 








1 Boys 


























6 years - 





48^' 


l,7S1 


54.8 


1.33 


0.06 


53,1 


53.6 


54.4 


55.3 


56.2 


56.7 


57.2 


7 years - 




551 


1,781 


•54. D 


1.34 


C'.07 


52.2 


52.8 


53.7 


54.5 


55.4 


56.0 


56.5 






537 


1,739 


53.6 




u . uo 


. 1 


CO A 
3Z ,^ 


CI 0 
3J .Z 


CA 1 

3h. i 


C/i "J 


c c c 
33 .3 


CC Q 

33.9 






525 


1,730 


52.9 


1.66 


n in 


JL . Z 


CI A 


CO A 


3 J. J 


CA 0 


•54.8 


55.4 


10 yeart 




509 


1,692 


5^.3 


1#41 


n *nA 

u . VO 


jU. 0 


CI 0 
31 . Z 


CI a 

• 31. y 


CO •» 
3Z. 7 


CO £. 

3 J. 0 


C A V 0 


C A 0 

54.7 


11 years 




542 


1,662 


51*9 


1.36 




cn A 


ci n 
31 .U 


CI c 

31.3 


CO 0 
3Z. J 


CO 0 

53.2 


53.8 


54.5 




"Girls 






























461 


1,722 


54.6 


1.54 


0.4)8 


52.8 


53.3 


54.2 


551. r 


55.9 


56.8 


57.3 






512 


1,716 


53.8 


1.51 


0.08 


52.1 


52.6 


53.4 


54.4 


55.2 


55.8 


56.5 


8 ^ears* 


* 


498 


1,674 


53.2 


1.79 




CI A 


CO 1 


3Z«0 


CO £. 

33.0 


e A c 


55.4 


55.8 






494 


1,663 


52,7 


1;45 


U.Uo 


CI t 


CT A 
51. ^ 


52.2 


53.2 


54.1 


54.7 


55.2 


10 years 




505 


1,632 


52;'^ 


1.28 




cn c 


CI 1 

3l .1 


CI 0 
31.0 


CO £. 

52. 6 


53.5 


54.3 


54^7 


11 years 


f 


477 


1»605 


52.0 


X.92 




cn 0 


3U. 0 


CI A 

51*4^ 


52.4 


53.3 


53.9 


54.6 


/ 

/ 


KEGRO . 




- 
























, Boys ^ 






• 
















• 








84 


289 




1.39 


0.10 


51.2 


51.7 


52.6 


53.6 


54.5 


55.0 


,55.0 






79 


286 


52.4 


1.19 


0.14 


51.0 


51 ;3 


52.1 


52.8 


53.7 


54.5 


54.8 






79 


279 


51.6 


1.24 


0.10 


50.0 


50.4 


51.3 


52.2 


52.8 


53.7 


54,4 




_ . 


74 


269 


51:4 


1.51 


0.27 


49.7 


50.2 


50.9 


'51.7 


52.6 


53.5 


53.9 


10 'years 




65 


264 


50.8 


2.26 


0.26 


49.0 


49.3 


50.2 


50.8 


52.2 


52.9 


53.9 


11 years 




83' 


255 


50.5 


2.35, 


0.29 


48.8 


49.3 


50.1 


50.7 


51.5 


52.2. 


52.7 


' « • 


Girls 


























6 years - 






281 


52.6 


' 1.'23 


0I17 


51.2 


51.6 


52.2 


52.8 


53.8 


54.8 


55.5 






93 


284 


52.1 


1.13 


0.10 


50.7 


51.? 


51.7 


52.5 


53.4 


54.1 


54.6 






113 


281 


51*6 


1.52 


0.10 


49.6 


50.2 


51.0- 


52.2 


53.2 


53.7 


53.9 


9 years 




84 


265 


50.7 


1.49 


0.19 


48.8 


49.3 


50.2 


51.2 


52.3 


52.9 


53.6 


10 years 




77 


266 


50.8 


2.77 


0.35 


48.8 


49.2 


49.9 


51.1 


51.8 


52.6 


53.4 


J.1 years ' 




84 


253 


50.4 




a. 14 


49.0 


49.3 


50.1 


50.7 


51.6 


52.6 


53.3 



NOT?,: n t: sample size: ^« estluKiLejd number of children in population in thousands^ X m mean; 
S m standard ^eyiation; = standard error of the mean. 



Table 7. Buttocjc-knee length of children by race, sex, and age at last birthday: sample 'size, 
, mean, standard deviation, standard error &i the mean, and selected percentiles, United States, 
lSi63-65 



1563-65 ^ 



Race, sex, and age 



WHITE 
Boys 

6 years------*-*---- 

7 years------------- 

8 years ------------ 

9 years — — -™—-—- 

10 years-—-—- 

11 years-— 

Girls 

' ' ' " 

36 years--— —-•►—— • 
7 y^ars— — 
6 y^^y^^ ■ 

9 -years'*^-.* 

10 years— 

lit* years-— — 

NEGRO 

Bo^ 

6 years-— 
.7 yjears— — — — ' 
& y§ars < 

9 y^ars- — — 

HO years—-——— 

11 years-—-—-— 

Girls * 

6 years-—-—— — 

7 years————— — 

V* S^years— — — 
^9'Vears— — 

10 years^-?*--— — — ^ 

11 years-— r— — 



N 



489 
551 
537 
525 
509 
542 



461 
512. 
'498^ 
494 
505 
477 



04 

79 
79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



1,787 
1,781 
1^,739 
1,730 
1,692 
1,662 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
286 
i79 
269 
264 
255 



281 
284 
281 
^265- 
266 
253 



37.1 
39.6 
41.6 
44.0 
45.^ 
43.2 



37.5 
39.7 
42.3 
44.6 
46.8 
49.4 



37.7 
40.3 
42.3 
43.8 
46.1 
48.3 



37.8 
40.4 
42.8 
^45.^ 
48.4 
51^0 



Percentile 



2.79 
3.00 
3.21 
3.46 
3.48 
3.45 



2.86 
3.07 
3.09 
3.49 
3". 62 
3.47 



3.38 
3.48 
3.54 
3.75 
4.02 
3.91 



3.76 

3.4^ 

3.78- 

4.10 

3.96 

4.67 



0.30 
0.26 
0.26 
0*27 
0*25 
0.24 



e.23 
a. 24 
0*19 
0.26 
0.28 
0.22 



0.-72 
0.57 
0.69 
0.70 
0.74 
0.67 



0.81 
0.56 
0.50 
0. 74 
o0.82 
0.78 



5th 10th 25th 



50th 



7 5th 



..90th 



In centimeters 



31.7 
33.7 
35.7 
37.8 
40.0 
.42.2 



3Z.3 
34.4 
37.2 
38.6 
40.4 
43.8 



30.6 
32.8 
35.6 
36.7 
S9.2 
40.2 



30.4 
33.1 
35.6 
38*6 
41.7 
41.8 



33.7 
36.7 
37.7 
40.0 
41.4 
44.1 



33.7 
35*8 
38.7 
40.4 
42*2 
.45.3 



31.3 
34.6 
36.8 
38.6 
41.5 
44.3 



32.5 
35.3 
37.7 
40.5 
44.5 



± 



35.6 
38.0 
40.2 
41.9 
44.2 
46.2 



36.1 
38.2 
40.5 
^2.6 
.44.4 
47.3 



36.2 
38.9 
40.3 
41.4 
44.1 
46,7 



35.2 
39.2 
4U.6 
43.2 
46.3 
48 



37.3 
39.8 
41.7 
44.1 
46.2 
48.3 



37.8 
39.9 
42.5 
44.6 
47.2 
49.4 



38.2 
40.6 
42.8 
44.2 
46.6 
48.6 



38. 
40.7 
43.1 
46.1 
48.4 
51.1 



38.*^ 
41; 5 
43.6 
46.1 
48.2 
50.5 



39.? 
41.7 
44.4 
47.1 
49.4 
51.7 



40.3 
42.4 
44.8 
46.6 
48.7 
50*7 



2.9 
5.3 
48.7 
50.5 
54.4 



40.7 
43.2 
45.2 
47.8 
49.9 
52.5 



40.8 
43.3 
46.1 
48.9 
51.1 
53.8 



41.5 
44.-3 
46.4 
48.5 
50. 6f 
52*5 



42.2 
44.1 
47.5 
51.6 
52.8 
57.4 



95th 



41.5 
44.4 
46. '3 
49.5 
'50.9 
53.7 



41.7 
44.1 
47.4 
50.2 
52.5 
55>6 



41.9 
45.2 
47.2 
49.5 
51.3 
53.8 



42. 
45. 
48. 
53. 
56. 
57, 



NOTE: ?l - sample ai^ej iV- estimated number gf children in population in thousands; X- 
« standard deviation; * standard error of the mean. 



mean ; ^ 



33 



2t 



Table 9. Popliteal height of chi3,dren by race, sex, and age ap last birthday: sample size, mean, 
standard deviation, standard erros p£ the mean, and selected percentiles, Unj.ted States, 1963-65 



Race, sex, and age 



N 



Percentile 



5 th 



10th 



25th 



50th 



75 th 



90th 



In centimeters. 




Girls 

6 years- — — - 

7 years 

8 years . 

9 years--- • 

10 years — ; 

11 years ■ 

NEGRO 
Boys ' 

6 years-— 

7 years-- 

8 years 

9 years 

10 years — 

11 years— ^- 

Girls 

6 years 

7 years-- ^ 

8 years 

^9 years, 

10 years— 

11 years 



461 
512 
498 
1-494 
505 
477 



84 
79 
79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



1,787 
1,781 
1^,739 
1,730 
ft, 692 
1,662 



1,722 
1,71^ 
1,674 
1,6631 
1,632 
1,605 



289 
286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



29.1 
30.9 
32.4 
34.1 
35.7 
37.2 



28.8 
^30.5 
,32.3 
34.0 
35.5 
37.4 



30.2 
32.1 
33.9 
35.4 
36.8 
38.4 



29.9 
31.8 
33.2 
35.-7 
.36.9 
38.5 



1.77 
1.93 
•1.94 
2.16 
2.20 
2.30 



1.75 
1.93 
2.01 
2.26' 
2.48 
2:58 



1.92 
1.98 
1.95 
2.12 
2.26 
2.16 



2.03 
1.96 
2.35 
2.39 
2.37 
2.66 



0.08 
0.13 
0,13 
0.13 
0.12 
0.12 



0.07 
0.08 
0.13 
0.12 
0.15 
0.14 



0.31 
0.29 
0.18 
0.22 
0.28 
0.18 



0.30 
0.19 
0.25 
0.24 
0.35 
0.38 



26.3 
27.9 
29.1 
30.7 
32.1 
33.5 



25.8 
27.4 
29.0 
30.2 
31.6 
33.2 



27.1 
29.1 
31.0 
32.0 
33.1 
35,1 



26.4 
29.2 
29.7 
31.9 
33.1 
34.2 



26.8 
28.5 
29.9 
31.4 
32.8 
34.3 



26.5 
28.1 
29.5 
31.2 
32.5 
34.1 



28.1 
29.7 
31.4 
33.0 
34.1 
35.^ 



27.2 
,29.9 
30.5 
32,5 
33.7 
35 J 



27.8 


29.2 


30.3 


31.4 


32.1 


29. -6 


30.9 


32.2 


33.5 


34.3 


Ji.Z 


-JZ. 5 


33.-7 


OA 0 


J3 .0 




*>/. 0 


oc c 
00 . 0 


JO . 0 


•J- "7 ~7 

o7. 7 


j4. J 


j5. 7 


j7. J 


Jo . 0 


jy . 0 


00 . 0 


J7 . Z 






41yM 


27.6 


28. 8 


30^1 


31.0 


31.7 


29.2 


30.4 


31.7 


32.9 


3;3.7 


Jl. 1 


J2.4 


J J . 0 


34 . 7 


32.5 


33. 9 


35.4 


37 . 2 


• 37,9 


j4.C> 


35.4 


j7. 1 


Jo. 0 


jy, 7 


35. 7 


37.4 


39. 1 


40.5 


/I A 

41,4 


28.8 


30.1 


31.4 


33.2 


33.8 


30.6 


31.9 


33.6 


34.7 


35,5 


32.5 


33.9 


35.3 


36.7 


37,5 


34.0 


35.2 


36.9 


38.4 


38,8 


35.3* 


36.8 


38.5 


39.6 


40,3 


36.8 


38.5 


39.8 


41.3 


42,2 


\28.7 


29.7 


31.5 


32.7 


33,4 


30,4 


31.7 


33.2 


34.4 


35,2 




^33.1 


34.5 


36.3 


37,4 


silo 


35.7 


37.6 


38.8 


' 39,6 


35V 3 


•^36. 9 


38.4 


39.6 


40,3 


36:^4 


38.4 


40.4 


41.7 


43,3 



NOTE; n- sample size, A^- estimated number of children in populatit^in thousands; mean; 



S » standard deviation; 



standard error of the mean. 



Table 9. Foot lengch of children by race, , sex, and age at last birthday; sample size, mean, stand- 
ard deviation, standard error of the mean, and selected percentiles. United States, 1963-65 



Race, sex, and a^e 



J? 



Pe rc?ncile 



5ch 



lOch 


25ch 


50 ch 


75ch 


^Oth 



95ch 




la cenclmecers 



6 years-—- ^ 

7 years 

8 years 

9 years 

10 years 

11 y^ars 



489 
551 
537 
525 
5P9 
542 



461 
512 
498 
494 
505 
477 



1,787 
1,781 
1,739 
1,730 
1,692 
1,662- 



1,722 

Oie 

1,674 
1,663 
1,632 
1,605 




17.9 
18.8 
19.6 
20. 7 
21.4 
22.3 



17.7 
18.5 
19.4 
20.3 
21.1 
22.0 



18.5 
19.5 
20.4 
21.2 
22.0 
22.9 



18.4 
19.3 
20.0 
21.2 
22,2 
22.7. 



l.Ol 
1.05 
1/20 
1.23 
1.30 
1.34 



1.07 
1.06 
1.14 
1.20 
1.33 
K27 



1.07 
1.02 
1.06 
1.30 
r.22 
1.20 



I.ID 
0.97 
1.26 

1.4a 

1.20 

4^5r 



0.06 
0.06 
0.07 
0.07 
0.06 
0.07 



0.08 
0.04 
0.06 
,0.06 
0.06 
0.06 



.17 
.12 
.14 
0.12 
0.15 
0.12 



0.14 
0.10 
0.10 
0.18 
.0.18 
0.?0 



16.2 
17.1 
17.7 
18.5 
19.2 
20.1 



15.7 
16:6 
17.4 
18.2 
i9.1 
20.0 



16.7 
1^5 
18.8 
18.9 
20.1 
20.7 



16.5 
17.4 
18.1 
19.1 
20.0 
20.4 



16.2 
17.1 
18.1 
18.6 
19.4 
20.3 



17.1 
18.0 
19.1 
19.4 
20.3 
21.2 



17.2 
18.1 
18.7 
19.9 
20.4 
21.3 



17*1 
17.7 
18.5 
19.5 
120.3 
21.1 



17.7 
18.7 
19.6 
20.3 
20.9 
22.1 



17.8 
18.8 
19.6 
20.6 
21.4 
22.3 



17.7 
18.5 
19.5 
20.4 
21.2 
21.9 



18.5 
19.5 
^0.4 
21.2 
22.1 
23. T 




18.6 
19.6 
20.5 
21.5 
22.4 
23.2 



18.5 
19.3 
20.3 
21.1 
22.1 
22.9 



19.2 
20,2 
21.2 
21.9 
22.9 
23.6 



19.4 
20.4 
21.3 
22.4 
23.2 
24.1 



19.2 
19.9 
21.0 
21.9 
22.8 
23.7 



19.9 
20.8 
22.0 
22.8 
23.6 
24.3 




19.6 
20.5 
21.5 
22.5 
23.3 
^4.2 



20.5 
21.3 
22.4 
24.1 
23.9 
24.8 



NOTE; - sample slze;^AV - estimated number of children in population in thousands; X - mean, 
- Gtandayd deviation,* ^- ■ standard err pr^^^ ^the mean. 
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Table 10. Acromion-olecranon length, of children by race, sex, and age at la^t birthday: sample 
size, mean, standard deviation, standard error of the mean, and selected percentiles, United 
States, 1963-65 



Race, 


sex, and age 


n 




1 
T 




■* 


Percentile 


5th 


10th 


25th 


50ch 


75t:h 


9©*h 

t 


95th 




WHITE 












In centiimeters 






• 




Boys 
















- 
















91 7 


1, Jl 


U. Uo 


21.5 


22.1 


22.7 


23.6 


24.6* 


25.6 


25.9 






551 


1,781 


25.0 




0.08 


22.6 


23.2 


24.1 


25.1 


25,9 


26.7 


27.^4 






537 


1, 739 


26.2 ' 


■r.39 


0.08 


23. 9 


24^4 


25.3 


26.3 


27.2 


28.1 


28.7 






525 


1,730 


27.6 


1.60 


0.11 


25.1 


25.5 


26,4 


27.5 


28.6 


29.8 


JO. J 


10 years- 




509 


1,692 


28.6 


1.66 


0.07 


25. W 


8126.4 


27.6 


28.7 


29. 8 


30.8 


31.4 


11 years - 




542 


1,662 


30.0 


1.85 


0.08 


27»2 


27.7 


' 28.8 


30.1 


31. 2 


32.3 


33.0 




Girl^ 






























461 


1 722 






n no 


21. 2 


21.5 


22,5 


23.5 


24. 5 


25.3 


25.8 






512 


1^716 


24.6 


1.41 


0,. 04 


22.3 


22.8 


23.6 


24.6 


25.7* 


26.5 


.26.8 






1 498 


1,674 


26. 1 


1. 57 


0. 08 


23.5 


24.2 


25,2 


26.2 


27.2 


28.3 


•#9.0 


9 years— 




.^94 


1,.663 


27.5 


1,61 


0.09 


25.1 


25.4 


26.4 


27.5 


28.6 


29.7 










1,632 


28.8 


1.88 


0.09 


25.9 


26.5 


27.5 


28.8 


30. 1 


31.3 


31.8 






^77 


1,605 


30.4 


1.38 


0.08 


27.4 


28.2 


29,2 


30.4 


31.8 


32.9 


J J. 0 




NEGRO 




























Boys • 






























84 


289 


24 1 


1. 32 


n ifi 

U . LO 


22.2 


22.4 


23,2 


24.1 


25.1 


25.5 


26.6 






79 


286 


2512 


l!58 


0.15 


22.7 


23,1 


24.0 


25.3 


26.3 


^7.6 


28.2 


8 years-- 




79 


279 


26.9 


1.16 


0.15 


24.9 


25,3 


26.2 


27.0 


27.6 


28.4 


28.8 






74 


269 


27.6 


1.52 


0.24 


'24.7 


25.4 


26.6 


27.6 


28.6 


'29.6 


29.9 






65 


264 


28.2 


1.88 


0.22 


25.2 


26.2 


27.3 


28.3 


29.7 


30.6 


30.8 






33 


255 


30.2 


1.64 


D.15 


27.8 


28.? 


29.0 


30. 1 


31.3 


32.7 


33.5 




Girls 






























72 


2S1 


23.9^ 


1.44 


0.16 


21.3 


22,0 


23.1 


24.1 


24.9 


25.7 


• 26.2 






93 


284 


25.4 


1.35 


0.14 


23.3 


24.0 


24:4 


25.2 


26.4 


27.4 


27.8 






113 


281 


26.4 


1.68 


0.15 


23.8 


24.3 


25.2 


26.^ 


27.5 


28.8 


29.6 






84 


265 


28.2 


1.74 


0.16 


24.7 


26.1 


27.1 


28.1 


29.4 


30.6 


31.1 






. 77 


266 


29.7 


1.85 


0.22 


26.6 


27.3 


.28.4 


29.6 


30.9 


32.2 


32.8 


11 years- 




84 


253 


31.1 


2.0Q 


0.24 


27.7 


28.3 


30.0 


31.0 


32.6 


33.8 


34.3 



NOyC: n • sample size; N - estimated number of children In population In ^thousands ; X" mean; 
S - standard deviation; ^- » standard error <5f the mean. 
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Table 11. Elbow-wrist length of children by race, sex, and age at last birthday: sdtnple size, ^ 
mean, standard deviation, standard erro;c of the mean, and selected percentiles. United States. 



Race, 


sex, and 

- 


aee 

o 


n 




.A' 


r' , 

$ 




Percentile 


5th 


10th 


25th 


50th 


75th 


90th 


95th ^ 




WHITE 






— — 


•" — — 




— 


In centimeters 




« 






Boys 




























6 years-- 




m,^ mm^ mm, 


489. 


1,787 


18.2 


0.97 


0.05 


16.5 


17.0 


17.4 


18.2 


13.-8 


19. 6 


19.9 








551 


1,781 


19.2 


1.11 


0.07 


17.4 


17.8 


18,4 


19.2 


19.8 


20.7 


21.1 








537 


•1,739 


20, 0 


1 1 S 


0.Q8 


18.1 


18.5 


19.3 


20.1 


20.6 


21.6 


21.9 






--525 


1,730 


2l! 1 


1.22 


0.08 


-19.1 


19.A 


20. 2 


21.1 


21.8 


22.7 


23.3 


10 y^ars- 






509 


1,692 


21 . 8 


l! 24 


0.07 


1 Q 7 




01 1 


91 Q 
Z 1 . 0 


22. 8 


23. 6 


23.9 


% 11 years- 






542 


1,662 


22, 8 




U . U J 


ZU. D 




0 0 A 


0 0 Q 

ZZ . o 


23.7 


24.7 


25.3 




Girls 






























-i^ 




461 


1,722 


17.7 


1.02 


0.06 


16.0 


16.3 


17.1 


17.7 


18.5 


19. 1. 


19.6 






« 


512 


1,716 


, 18.7 


1.16 


0.05 


17.0 


17.3 


18.0 


18,6 


19.5 


20. y 


20.7 








498 


1,674 


19.7 


1.15 


0.05 


17.7 


1^1.2 


18.8 


19.7 


20,6 


21/ 


21.7 


9 years-- 


—*—*"— — * 




494 


1,663 


20.7 


1.21 


0.07 


18.8 


19.2 


19.8 


20.6 


21.6 


22<5 


22.9 


10 years- 






505 


1,632 


21.7 


1. 35 


0.05 


1 Q ^ 




9n 7 
ZU. / 


0 i T 
Zl • / 


22.7 


216 


24.0 


11 years- 






477 


1,605 


22. 9. 


1.44 


0.06 




0 1 1 


01 Q 

zi . y 


0 0 Q 

ZZ . o 


23.8 


24.8 


25.4 




NEGRO 




























♦ 


Boys 


































84 


289 


19.0 


1.05 


0.16 


17.1 


17.6 


18.3 


18.8' 


19.7 


20.5 


20.8 








79 


286 


20.1- 


1.16 


0.12 


18. '3 


18.6 


19.2 


19.9 


20.8 


21.8 


22.4 









79 


"279* 




1 IT 


n * 1 1 

U « I. J 


19.2 


19.5 


20.2 


21.0 


21.8 


22. 7 


23. 1 








74 


269. 


•21.9 






20.1 


20.3 


20.9 


21.7 


22.7 


23.7 


24.5 


^t-io ^ears- 






65 


264 


22. 6 


1.-23 


0. 20 


20.6 


21.2 


21.8 


22.6 


23.5 


24.4 


24.8 


11 years- 






83 


* 255 


23. 8 


1. 23 




21.7 


22.2 


23.1 


23.8 


24,6 


25.3 


25.8 




Girls 


































72 


281 


18.6 


1.11 


0.17 


16.4 


.17.1 


18.1 


18.7 


19.5 


30.0 


20.5 








93 


284 


1^.6 


1.10 


0.10 


18.0 


18.2 


18.8 


19.6 


20.5 


21.0 


21.6 








113 


2B1 


20.6 


1.3*4 


0.11 


18.6 


19.1 


19.6 


20.5 


21.4 


22. h 


23,1 








84 


265 


22.0 


1.42 


0.13 


' 19.6 


20.1 


21.1 


21.9 


23. Ir 


23.9 


24.5 


10 years- 






77 


266 


23.1 


1.42 


0.18 


21.1 


21.3 


22.1 


22.9 


24.1 


25.2 


25.9 


11 years- 






84 


253 


24.3 


1.59 


• 0.22 


21.7 


22.2 


22.9 


^4.3 


25.4 


26.5 


26.9 



NOTE: 'n« sample size, A'« estimated number of children in population in thousands; X » mean; 
$ » standard deviation; $^ * standard error of the mean. . ' ' ' 




Race, sex, and age 




6 years-«--—--» — • 

7 years-"— -—.-•^—« 

8 years*--— ' 

9 years— ••V'——-. 

10 years— 

11 years—— 

Girls 

years-— 
yea r s • - -r •-^ 

8 years--————-' 

9 years— --—-—--< 

10 y^ar< 

11 ye^S' 




489 
551 
537 
525 
509 
542 



461 
512 
498 
494 
505 
477 



84 
79 
79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



N 



1,787 
1,781 
1,739 
1,7^0 
1,692 
1,662 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



s 










• / 
..•/ 



Table 12. Hand length sof children bysjrace, ' sex, and age at 'last birthday: satnple size, mean, 
standard deviation, standard error of the mean, and selected percentiles. United States, 1963-65 



Percentile 



loth" 


25th 


50th 


75th 


90th 













In centimeters 



12.9 
13.5 

i4a 

14.6 
15.1 
15.vL 



12.8 
13.3 
13.9 
14.6 
15.1 
15.9 



13.6 
14.2 
14.7 
15.2 
15.7 
16.3 



13.6 
14. L 
14.6 
15.5 
liS.O 
16.6 



0.68 
0.71 
0.81 
0.78 
0.82 
0.87 



0.70 
0.76 
0.76 
0.77 
0.86 
0.91 



0.66 
0.71 
0.73. 
0.83 
0.84 
0.76 



0.85 

0 . 72 

0>89 

1. ai 

1.00 
1.06 



0.04 
0.04 
0^04 
0.04 
0.04 
0.03. 



0.04 
0.03 
0.05 
0.04 
0.04 
0.04 



0.09 
0.09 
0.10 
0.07 
0.11 
0.07 



0.09 
0.09 
0.08 
a. 08 
0.08 
0.12 



11.7 
12.2 
12.5 
13.2 
13.7 
14.2 



11.4 
12.1 
12.4 
13.2 
13.5 
14.3 



12.3 
13.1 
13.5 
13.8 
14.2 
14.9 



13.0 
13.1 
13.9 
14.3 
15.0 



12.1 

•iA.i 

^4.4 



11«8 
12.3 
13.0 
13»4 
14.0 
14.6 



12.6- 
13.2 
13.7 
14.1 
14.4 
15.2 



^2.3 
13.1 
13. J 
14.2 
15.0 
15.2 



H.4 
13.1 
13.5 
14.2 
14.5 
15.1 



12.2 
12.8 
13.3 
14.1 
14.4 
15.2 



13a 
13.6 
14.2 
14.5 
15.1 
15.8 



l3.0 
L3.5 
13.8 
14. 6r 
15.3 
15.8 



13.1 
13.5 
14.2 
14.6 
15.1 

15. e'^ 



12.7 
13.4 
13.8 
14.5 
15.2 
15.8 



13.6 
14.2 
14.7 
15.2 
15.7 
16.4 



13.6 
14.2 
14.5 
15.4 
15.8 
16.6 



13.6 
14.0 
14.7 
15.2 
15.7 
16.3 



13.4 
13.8 
14.5 
15.1 
15.7 
16.6 



14.1 
^4.7 
15.4 
15.7 
16.4 
16.8 



14.3 
14.6 
15.3 
16.2 
16.6 
17.5 



13.9 
14.6 
15.3 
15.7 
16.3 
16.8 



13.8 
14.4 
14.9 
15.7 
16.4 
17.2 



14.6 
15.3 
15.7 
16.5 
16.8 
17.4 
/ 



14.7 
15.2 
15.9 
16.8 
17.3 
18.3 



95th 



16.5 
14.3 
14.8 
15.6 
15.9 
17.3 



14.2 
14.7 
15.4 
16.0 
16.7 
17.6 



14.8 

15.7 

15.8 

16.9 

17.0^ 

17.7* 



14.8 
15.5 
16.4 
17.3 
17.8 
18.5 



W" sample size; ^V'- estimated number of children in population in thousands, X 
tandard deviation; 5- « standard error of the mean. ' 



mean; 




Table. 13, Blacromlal breadth of children by race, sex, and ag& at last birthday: sample s.ize, 
mean, standard deviation, standard error of the mean, and selected percentiles^ United States, 
1963-65 - 



Race 



, sex, JL( 



id age 



N 



Percentile 





— ^ — 












5 th 


10th 


25 th 


50th 


75 th 


9pth 


.95 th 


In centimeters • 


• 

L 








. X 




9A 1 


21.2 


2o.l 


28.8 


OL 1* 

• / 


?S 1 
. J 




9 7 1 
Z / . ^ 


28.4 


29.5 


30.1 




9fi 9 


97 X 


9ft A 


29.6 


30.7 


31.4 


97 n 


?7 U 


98 4 


9Q S 


30.8 


32.2 


32.9 


97 1 


?R 9 


9Q L 


in s 

JU. J 


n 7 


19 7 


11 (\ 


28 .8. 


29.4 


30.5 


31.8 


JJ.l 


34.5 


35.3 




A H . V 


9A 7 


ZD . / 


26.7 


27.7 


28.5 


9A S 


9S 1 
. i- 


9 A n 


9 7 A 


27.8 


28.8 


29.6 


9*; A 


9fi 9 


9 7 1 


9ft 1 
ZO. 1 


29.4 


30.5 


30.8 


9A 1 


97 1 


9ft 1 


90 1 
Z 7 . J 


30.5 


31.6 


32.3 


97 A 


9ft 1 


90 1 


in A 


31.7 


33.1 


33.7 


28.6 


29.3 


30.5 


31.7 






IS s 


23.7 


24.2 


25.0^ 


26-. 2 


27.4 


29.0 


29.5 


24.5 


25.3 


26.4 


27.3 


28.4 


29.5 


30.0 


:.25.7 


26.9 


27.7 


29.1 


3o:i 


30.9 


31.6 


26.3 


27.0 


28.3 


29.5 


31.1 


31.9 


33.0 


28.4 


29.1 


29.6 


30.8 


32.1 


33.1 


,33.6 


28.9 


30,0 


30.8 


32.1 


33.0 


34.3 


35.6 


23.2 


23.7 


24.8. 


25.) 


27.3 


28.5 


28.9 


25.1 


25.3 


26.1 


27.2 


28;n 


29.1 


30.1 


25.5 


26.1 


26.7 


27.8 


29. '6 


30.7 


31.5 


26.6 


27.3 


28.3 


29.6 


31.2 


32.5 


S3. 4 


27.1 


28.4 


29.7 


31.2 


32.6 


33.6 


34.1 


28.8 


29.4 


30.5 


32.2 


34.4 


35.6 


35.9 



WHITE 

Boys — 

6 years — 

7 yiars 

8 years — 

9 years 

10 years^ , 

*11 years* ^ 

Girls 

6 years 

7 years --^ — * 

8 years 

9 years Y" 

10 years 

11 years 

NEGRO 
Boys 

6 years --ft- • 

7 years ^ 

8 years 

9 years 

10 years 

11 years- 

Girls 

6 years-- 

7 years-- 

8 years 

9 years — 

10 years 

IJl years-—- 



489 
551. 
537 
525 
509 
542 



461 
512 
498 
494 
505 
477 



84 
79 
79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



1,787 
1,781 
1,739 
1,730 

1,662 



69Z.^ 



26.0 
27.3 
28.4 
29.6 
30.4 
31.8 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



25.8 

2^.1 
29.2 
30.4 
31.8 



26.3 
27,4 
28.9 
29.6 
30.8 
32.0 



26.0 
27.2 
28.1 
29.8 
31.1 
32.3 



1.5^ 
1.57 
1.76 
1.92 
1.97 
2.06 



1.53 
1.54 
1.62 
1.^7 
1.93 
2.23 



1.95 
1.58 
1.61 
2.00 
1.57 
1.90 



1.73 
1.52 
2.01 
2.00 
2.14 
2.47 



0.09 
0.09 

oao 

0.11 
0.12 
0.13 

( 



0.09 
0.06 
0.09 
0.09 
0.09 
0.10 



0.27 
0.17 
0.22 
0.25 
0.27 
0.16 



0.23 
0.18 
0.25 
0.22 
0.28 

o.2sr 



NOTE: n • sample size; JV" • estimated number of children in population in thousands, ^ 
S « standard deviation^ S^^ « stAi^dard errpr of the mean. 
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Table 14. Bicristal breadth of children by race, sex, and age at las^: birthday: satntfle size, 
"S??*^:!'^ • deviation, standard error of the wean, and selected percentiles. United States, 
1963-65 • 



Race, sex, and. age 



WHITE 
Boys 

6 years------- - 

7 years-— — 

8 years------- - 

9 years------ - 

10 years---?*- — - 

11 yearfe— — 

Girls 

6 years------**-* 

7 years------ --- 

8 years------ - 

9 ^ears — 

10 years-— ----- 

11 years------- 

, ' NEGRO 




489 
551 
537 
525 
509 
.542 



461 
512 
498 
494 
505 
477 



84 
79 
79 
74 
65 
83 



11 
93 
113 
84 
77 
84 



1,781 
1,739 
1,730 
1,692 
1,662 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
. 286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



Perpentile 



5th 



10th 



25th 



50th 



75th 



90th 



III centimeters 



18.2 
^9.0 
19.8 
20.7 
21.3 
22.3 



18.2 
19.0 
20.0 
21.0 
21.9 
23.3 



17.1 
17.8 
18.8 
19.1 
19. G 
^20.9 



17.0 
17.7 
18.6 
19.7 
21.3 
22.4 



1 


. 28 


0.08 


16.1 


16.5 


17.3 


18.23 


19.2 


19.8 


1 


36 


0.07" 


16.8 


17.3 


i«.l 


19.1 


19.8 


20.7 


1 


61 


0.07 


17.3 


17.9 


18.7 


19.7 


20.6 


21.6 


1 


90 


0. 11 


18. 2 


18.7 


19.^ 


20.6 


21.6 


22.7 


2 


02 


0.09 


18.4 


19.2 


20,2 


21.2 


22.3 


23.4 


2 


16 


0.08 


19.5 


20.2 


21.1 


22.2 


23.4 


24. § 


1 


<v 

44 


0.08 


16. 1 


16. 5 


17.3 


18.2 


19.2 


20.1 


1 


47 


O.06 


16.5 ^ 


"17. 1 


18.1 


19.1 


. 20.0 


20.9 


1 


86 


0.11 


17. 2 , 


18.0 


18.8 


20.1 


21.1 


22.4 


2 


01 


0« 12 


18. 1 


18.7 


19.7 


20.'8 


22.3 


23.8 


2 . 




0*12 


18. 7 


19.4 


20.5 


21.7 


23.1 


25.0 


2, 


46 


0.11 


20.1 


•20.5 


21.6 


23.2" 


24.7 


26.6 


1. 


05 


0.19 


-15.3 


15.6 


« « 
16.3 


17.0 


17.7 


18.5 


1. 


07 


0.14 


16.1 


16.3 


17.0 


17.7 


18.5' 


19.3 


1. 


21 


0.17 


16.5 


17.0 


18.0 


19.0 


19.6 


20.2 


1. 


60 


0.37 


16.4 


17.1 


18.1 


18.8 


20.3 


21.3 


1. 


66 


0.31 


17.2 


17.6 


18.5 


19.5 


20.6 


21.8 


1. 


56 


0.19 


18.6 


19.2 


20.1 


20.7 


21.8 


22.8 


1. 


27 


0.14 


14.9 


L5.4 


16.2 


17.0 


17.8 


18.7 


1. 


43 


0.22 


15.7 


•16.2 


17.0 


17.7 


18.6 


19.5 


1. 


81 


0.18 


16.2 


16.6, 


17.3 


18.3 


19. 7 


21.3 


1. 


78 


0.27 


-17.1 


17.5 


18.4 


19.5 


20.8 


21.9 


2. 


39 


0.25 


17*8 


18.6 


19.6 


21.1 


22.8 


24.5 


2. 


65 


0.33 


19.0 


19.4 


20.5 


21.7 


23.9 


26.3 



95th 



20.4 
21.2 
22.4 
23.9 
24.4 
25.9 



20.7 
.21'.6 
23.0 
24.8 
26.2 
'27.7 



19.1 
20.0 
20.7 
21.9 
22.7 
23.5 



19.1 

20.3^ 

22.6 

22.8 

25.1 

27.6 



NOTE: n- sample size; iV- estimated number of child*.en in population in thousands: JP - mean: 
S - standard deviation; 5- » standard error of the mean. , 

♦ . . * . ' • ... 



40 
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Table 15. Biacromial breadth/bicristal breadth ratio (times 100) of children by race, sex, and 
age at last birthday: sample size, mean, standard deviation, standard error of the mean, and 
selec^e<^ perce.ntilc8. United States, 1963-65 



Race, sex, and 
age 



K Percentile 



5t^ 



10th 



25th 



50th 



75th 



90th 



WHITE 
Boys 

6 years r" 

7 years 

^ years-' 

9 years 

10 years 

11 years — 

♦ ' '"^ Girls 

6 years- — rr»_r 
♦7 yeairs 

, 8. years— 

9 years 

10 years 

11 years 

NEGRO 
Boys 

6r years 

7 years 

8 years 

9 years — •« 

10 years 

'11 years 

GirlsV ^ 

6 yeSlft ■ 

7 years 

8 years 

9 years- 

10 years-- 

11 years- 



489 
551 
537, 
525 
509 
542 



461 
512 
498 
494 
505 
477 



84 
79 
, 79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



1,787 
1,781 
1,739 
1,730 
1,692 
1,662 



1,722 
1'716 
'*lr,674 
1,663 
1,632 
1,605 



289 
286 
279 
269 
264 
255 



'281 
284 
281 
265 
266 
253 



Biacromial breadth/bicristal breadth ratio 



143.6 
144.0 
144.2 
143.6 
:^44*1 



141.9 
142.1 
141.4 
139.5^ 
139.5 
137.7 



154.7 
154.5 
153.9 
155.7 
157.9 
153.2 



153.2 
153.8 
151.6 
152.0 
146.9 
145.2 



8.65. 


0.41 


131.4 


134.1 


138^4 


143.9 


149.1 


154.1 


8.26 


0.41 


131.6 


134.2 


138.9 


144.7 


149.5 


154.6 


9.98 


0.48 


131.1 


134.3 


139.5 


144.8 


149.7 


155.9 


9.39 


0.4l' 


130.6 


134. Z 


138.8 


144.0 


148.9 


154.3 


12.64 


0.86 


129.5 


133.3 


^138.5 


144.2- 


150.2 


155.7 


11.12 


0x60 


126.8 


131.3 


137.2 

r 


1,44 . 2 


149.8 


155.0 


9.02 


0.53 


128,2 


131.7 


136.7 


Ul.B 


147.7 


153.2 


8.64. 


0.41 


128.6 


131.9 


137.1 


142.1 


147.8 


152. r 


10..19 


0.57 


126.7 


130.3 


135.7 


^41. 3 


•147.2 


155.2 


10.72 


0.47 


123.4 


128.1 


133.3 


140.2 


146.1 


151.8 


9.69 


0.68 


123.4 


128.2 


133.7 


140.1 


146.5 


■ 152.4 


12.62 


0.5Z 


120.5 


125.6 


131.7 


137.8 


143.? 


150,6 


11.27 


1.79 


140.3 


144.2 


149.3' 


155.3 


159.4 


164.4 


8.94 


0.74 


140.6 


144. a 


148.9 


154.3 


160.7 


167.2 


7.91 


0.88 


142.0 


146.. 0 


148.2 


153.3 


160.4 


164.8 


9.19 


1.98 


142.1 


144.5 


150i8 


156.3 


162.1 


166.5 


11.85 


1.49 


143.8 


145.6 


150.8 


U56.4 


162.4 


182.1 


9.23 


1.29 


136.8 


140.4 


.147.2 


153.8 


161.2 


165.2 


9.41 


0.65 


141.4 


142:5 


145.7 


153.6 


158^2 


166.6 


10.54 


1.68 


139.4 


140.6 


146.1 


154.4 


160.4- 


168.4 


11.11 


1.38 


133.8 


.138.9 


145.2 


152.9 


159.6 


J.65.5 


8.80 


1.69 


13^4 


141.5 


147.1 


151.6. 


158.4 


164.7 


12.10 


1.19 


129/9 


134^3 


137"'.9 


145.8 


156.7 


162.7 


11.03 


1.33 


127.6 


132.6 


13^.. 2 


147.0 


154.1 


' 158.3 



NOTE: , W- sample size; N " estimated number of childr^A in'population in thousands; X 
« stan^rd dev^^tion; » standard error of the Aean. ■ 



mean; 



4i 



•36 



ERIC 



Table 16. Che^t breadth of children by race, sex, and age at last birthday: sample size, mean, 
standard cieviation, standard error o£.Che mean, and selected percentiles. United State^> 1963-65 



Race, sex, and age 



N 



Percentile 



X 


















5th 


10th 


25th 


50 ch 


75th 


90th 


95ch 



, WHITE 

B^ys ' 

6 years— - 

7 years— 

8 years— 

9 years— ----------.--•-V 

10^ years— — . 
11 ye^rs---------------- 

Girls 

6 years— -----n--------- 

7 years- — 

8 years------*---^ — — — - 

9 years------- — 

10 years— --------- - 

11 years — ------------- 

NEGRO 

Boys ^ ' ' 

6 years-— ----------- - 

7 year s----------------- 

^8 years— ------------ 

9 years-— ------------^ 

10 years---->--— 

11 years— - — -4- — ---—- 

Girls 

6 years— — 

7 years — 

8 years— — — 

9 years— — 

10 years— ---— -------^ 

11 years— —--——--^---) 



In centimeters 



489 


1,787 


18.4 


1.16 


0.09 


16.4 


17.0 


17.6 


18.4 


19.2 


19.9 


20.5 


551 


1,781 


19.0 


1.17 


0.08 


17.1 


17.5 


18.3 


19.1 


19.8 


20.6 


' 21.1 


537 


1,739 


19.8 


1.36> 


^0.11 


18.0 


18.2 


1^,9 


19.7 


20.7 


21.6 


22.1 


525 


1,730 


20.6 


1.60 


O.LO 


18.3 


13.8 


19.6 


20.5 


21.6 


22.6 


23.3 


509 


,1,692 


21.0 


1.41 


0.07 


19.0 


19.3 


20.2 


21.0 


21.9 


22.8 


23.6 


542 


1,662 


22.1 


1.60 


0.10 


19.9 


;20.3 


21.1 


21.9 


23.1 


^24.4 


24.9 


461 


1,722 


17.9 


1.23 


0.08 


16.1 


16. 3i 


17.1 


17.8 


18«6 


19.5 


19*9 


512 


1,716 


.18.6 


1.29 


0.09 


16.6 


17.1 


17.8 


18.5 


19.4 


20.0 


20.7 


498 


1,674 


19.2 


1.22 


0.07 


17.3 


17.7 


18.4 


19.3 


20.1 


20.9 


21^6 


494 


1,663 


20.0 


1.59 


0.08 


18.0 


I8«2 


18.9 


19.8 


20.8 


21.9 


22.9 


505 


1,632 


20.8 


1.82 


0.11 


1&.3 


18.7 


19.6 


20.7 


21.8 


2^.2. 


24.3 


477 


1 .n05 


21.7 


1^77 


0.07 


19.1 


19.6 


20.5 


21.6 


22.8 


24.1 


25,2 


84 


289 


18.3 


1. 11 


0.18 


16.3 


16.8 


17.4 


18.3 


19.0 


19.9 


20.5 


79 


. 286 


18.7 


1.31 


0.L7 


17.2 


17.4 


18.9^ 


.J8.6 


19.4 


20.1 


21.2 


79 


279 


19.6 


1.01 


0.13 


18.1 


18.4 


19.1 


19.6 


20.3 


20.8 


21.2 


74' 


269 


20.2 


1.30 


0.13 


18.1 


18.4 


19.2 


20.3 


21.3 


22.1 


22.6 


65 


264 


20.7 


1.24 


0.19 


19.1 


19.2 


19.7 


20.6 


21.6 


22.8 


23.3 


83 


255 


21.7 


1.4^ 


0U8 


19.4 


20.0 


20.6 


21.6 


22*6 


23. 5 


24.0 


72 


281 


17.7 


1.05 


0.14 


16.0 


16.2 


16.8 


17.7 


18.5 


19.1 


19.6 


93 


284 


18.2 


1.58 


0.21 


16.3 


16.8 


17.3 


18.1 


19.1 


19.7 


20.1 


li3 


281 


19.1 


1.66 


0.21 


17.1 


17.3 


18. t 


18.9 


19.9 


21.2 


21.7 


S4 


265 


19.7 


1.43 


0.16 


17.7 


18.2 


18.8 


19.6 


20.6 


21.7 


22.6 


77 


266 


20.5 


1.48 


0.17 


18.2 


•18.6 


19.6 


20.6 


21.5 


22.5 


22.8 


84 


253 


21. B 


2.05 


0*25 


19.0 


19-4 


20.3 


21.3 


22.9 


24.4 


26.7 



NOTE: n - sample size^ estimated number of children 'in population In thousands; X» mean; 
$ • standard, deviation; 5- • standard error pf the mean. 
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Table 17. Chest depth of children by race, sex, and age at last birthday: sample size/ mean*, 
standard deviation, standard error, of the mean, and selected percentiles. United States, 1963-65 



Race, sex, and age 


n 


N 


_ 

X 


• - 


5- 


Percentile 


5th 


10 th 


25th 


50th 


75 th 


90th' 


95th 


J 4 

WHITE 




































Jn centimeters 








Boys 




















* 














> 




















48^' 


1,787 


.13.3 


1.19 


0.11 


11.5 


12.0 


12.4 


13.2 




JLH. 0 






551 


1,781 


13.7 


1.29 


0.12 


11.8 


12.2 


13. 0 


13 6 


14:5 








537 


1,739 


14.2 


'l.43 


0.10 


12.2 


12.5 


13.3 


14.2 


14! 8 


15.8 


16.7 




525 


1,730 


14.7 


1.52 


0.08 


12.6' 


13.1 


13. 7 


14.6 


ri5.6 


16.6 


17.6 




509 


1,692 


15.0 


1.43 


0.12 


13.0 


ia.3 


14.1 


14.9 


15.8 


16.8 


17.6 




542 


1,662 


15.7 


1. 58 


0.10 


13.4 


14.0 


14.7 


15,6, 


16.7 


17.^8 


18^ 


Girls 




























461 




12.8 


.l708 


0.07 


11.^ 


U.5 


12.2 


12.7 


13. 6 


"14.4 






512 


1,716 


13.3 ' 


X.30 


0.09 


11.4 


12,0 


12.4* 




14.0 


14. 8 


1 S S 




498 


1 ,674 


13.7 


1.31 


0.07 


11.8 


12.2 


12.7 


13.7 


14.6 


15.6 






494 


1,663 


14.2 


1.63 


0.09 


12.1 


12.4 


13.2 


14.x 


15.2 


16! 5 


17. 4 




505 


1,632 


14.7 


1.70 


0.12 


12.3 


12.8' 


13*5 


14.5 


15.7 


16.9 


I7I9 




477 


1,605 


15.4 


1.81 


0.10 


13.1 


13.3 


14.2 


15.3 


16.7 


17.8 


18.6 


NEGRO 


























Boys 




























84 


289 


13.5 


1.13 


JO. 30 


11.7 


l2.1 


12.-6 


13.5 


14.4 


14.9 


15. 7 




' 79 


286 


13.5 


1.12 


0. 1/ 


12.1 


12.2 


12.8 


13.5 


14.4 




1 S 7 




79 


279 


14.1 


lvl8 


0.16 


12.2 


12.6 


, 13.4 


14.2 


14.9 


15.7 


16.0 




74 


269 


l^VO 


1.44 


0,31 

> 


12.3 


412.9 


13.6 


14.5* 


15. 5 


16. 5 


16. 8 




65 


264 


14^- 


1.42 


0.23 


13.1 


13.2 


13.7 


14.4 


15.2 


16.2 


16.6 




83 


255 


15^ 


1.30 


0.18 


13.2 


13.6 


14 ..4 


15.3 


16.3 


16.8 


17.4 


^irls 




















" ^> 








72 


281 


13.1 


1.43 


0.21 


11.4 


11.8 


12.3 


12.8 


13.6 


14.4 


14.8 




93 


284 


13.1 


1.14 


0.20 


11.1 


11.5 


12.3 


13.1 


13.8 


14.7 


15.2 




113 


281 


13.5 


1.26 


0.18 


11.6 


12.1 


12. S 


13.4 


14.4 


14.9 


16.3 




84 


' 265 


13.9 


1.38 


0.14 


12.1 


12.3 


13.0 


13.8 


14.8 


15.7 


16.3 




77 


266 


14.7. 


1.64 


0.16 


12.5 


12.8 


13. 6 


14.5 


15.6 


16.8 


18.3 


11 years---- — — — 


84 


253 


15.1 


1.96 


0.26 


12.3 


12.7 


14.1 


14,8 


16.3 


17.7 


20.0 



NOTE: ft ^ sample size; - estimated number of children in population in thousands; JC» mean; 
S * standajd ^deviation; *5j • standard error of the mean. 
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Table 18. Bicondylar breadth of the fecair of children >y race, sex, and age at last birthday 
saople size, mean, standard deviation, standard error pf the mean, and selected percentiles 
United Scates, 1963-65 , • 



' Race, sex, and age 



, WHITE 
Boys 

6 years--«-*->«. 4. ...... 

7 years--- > •>.....- 

8 years-— 

9 years-- — - — ■ 

10 years——--—.—.. — .. 

11 years—--—- .. — 

« 

Girls 

6 years---*- — — — 

7 years------^. 

8 years--- ....... 

9 years ——-- — - — 

10 years- — .. 

11 years — 

NEGRO 
Boys 

6 years-—-- — - 

7 years— 

8 years-* — ..... 

9 years—- 

10 years--——- ...... 

11 years-—-——- — 

Girls 

6 years— — — — 

7 years-———- — 

8 years-—— — *«' — 

9 years-— 

10 years — — --—-—-•.. 

11 years* — - — ^ 



489 
551 
537 
525 
509 
542 



461 
512 

49a 

494 
505 
477 



84 
79 
79 
74 
65 
83 



7^ 
93 
113 
84 
77 
84 



N 



1,787 
1,781 
1^739 
1,730 
1,692 
1,662 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605. 



289 
286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



Percentile 



5th 



10th 


25th 


50th 


75.th 


90th 



7.6 
7.9 
8.2 
8.5 
8.7 
9a 



7.3 
7.6 
7.9 
■8.2 
8.5 
8.8 



7.7 
7.8 
8.1 
8.5 
8.6 
8.9 



7.2 

7.5'. 

7.9 . 

8.2 

8.6 

8.9 



1.14 
0.58 
0.64 
0. 73 , 

0.80 



0.53 
0.58 
0.63 
0.74 
0.77 
0.79 



0.54 

o;5i 

0.60 
0.66 
0.62 
0.63 



0.43 
0.60 
0.78 
0.78 
0'.89 
0.^5 



0.06 
0,05 
0<05 
0.04 
0.05 
0.06 



0.05 
0.04 
0,04 
0.05 
0.06 
0.04 



0.16 
0.10 
0.09 
0.09. 
0.09 
0.08. 



0.07 

:oao. 

0.10 

o:o9. 

0.13 



In centimeters 



95th 



0. oO 


6. 90 


7.20 


7.54 


7.88 


8.56 


8.76 


7.U4 


7. 12 


7.37 


7.78 


8. 41 


-8.76 


8.87- 


7.09 


7. 23 


7.62 


8.24 


8.65 


9.00 


9.51 


7.20 


7.44 


8.09 


8.48 


8.87 


9.63 


9.88 


-7.36 


7. 77 


8. 22 


8.62 


9.25 


9.75 


10.09 


7.84 


8.10 


8.43 


9.07 


9.64 


10.31 


10.71 


6.17 


6.34 


6.84 


7.34 


7.70 


8.13 - 


'8.53' 


6.40 


6.80 


7. 19 


7.54 


7.88 


8.57 


8. 7a 


7.01 


'7.09 


7.35 


7.78 


8.45 


8.-82 


9.23 


7.08 


7.19 


7.53 


8.18 


8. -71 


9.40 


. 9,73 


7.17 


7.38 


8.05 


8.45 


9.07 


9.69 


9.89- 


/ .HI/ 


7.83 


8.25 


8.^8 


9.39 


9^87 


10.44 


6.65 


6,^81 


7,20. 


7.62 


8.20 


8.56 


8.68 


6.-87 


7-^06 


7.28 


7t-65 


8.^3 


8.65 


, 8.79 


7.2:0 


7.30. 


7.59 


8.16' 


8.60 


8.86 


. 9.50 


7.24 
7.76 


7.48 


^.09 


8.47 


8.85 


9.51 , 


9.74 


7.83 


a. 13 


8.49 


8.84 


9.54 


9.. 78 




09 


8.36 


8.81 


9.50 


9.88 


10.36 


6VM 


6.52 


6.85 


7.30 


7. 64 


7.84 


B..01 


6.4i 


6.62 


7.12 


7.47 


7.82 


."8.49 


8.75 


6.82* 


7.07 


^•34 


7.79- 


8.52 


9.10 


9;-37 


6.86 ^ 


7.12 


7.54 


8.23 


^8.69 


9.32 


9. -71 


7.20 


7.40 


8.04 


8.49 


9.09 


9.&2 , 


10.59 


7.65 


8.00 


8.25. 


8.65 


9.48 


10.51, 


.11 . 02 



NOTE: n m sample size; e9t,imated number of childreii. in population in' |:housan<Js}: J? - 
* standard deviation; * e^flnV^^^'rH <»f»-rwf t-U^^ maan V* - - 



standard errox of the mean 



Table* 1^, Upper attn girth of children by race, sex, an<j ag^ at la^t birthday: sampj.e size, mean, 
standard deviation, standard error of the mean, and selected percentiles, U^iited States, l$63-65 



Race, sex, and/ age 



N 



Percentile 



X 


















5th 


10th 


25th 


5Cch 


75th 


;90th 


95 th 



^ WHITE 
^ Boys 

6 years^-5-— — -™---* 

7 years— — 
'8 years ^-r — f?-*-^ — 

9 "ears-^-'--*-^-- 

la": years*-.— 

li. years—- 

* -G^rls . ■ 

6 years-**-- c---^-- * 

7 years—- — — 

8 years — — . 

9 yeax5: * 

10 years *^ — — -<*«-f. 

11 yeara^f-r*'"*"-"-'^' 

t . Boys 

6 years*--— 

7 years-— -^-7*— ' 
$ years— —^--T-TTr— 
•9 years— -—T—-~*-' 

1-0 yearsr r""* — ' 

11 yea'rs--;*-^--'— * 



Girls : 



6 ye^ffs — 

7 years *, «^-- 

$ years-— ——^'i—- - 

9 years——- ^ 

10 yearjs- — — — 
*U yearsv--??% 



489 
551 
537 
525 
509 
542 



461 
M2 
498 
494 
505 
477 



84 
79 
..79 
" 74 
65 
S3 



"93 
113 
84 
77 
'.84 



1,787 
1,781 
1,739 
1,730 
1,6^2 
1,662 



1,722 
1,716 
1,674 
1,663 
l,63i 
1,605 



289 
•286 
279 
26$ 
264 
^255 



281 
284 

265 
266 
^253 



17.6 
18.3 
19.0 
19.9 
20.4 
21.6 



17.7 
18.3 
1^.3 
20.2 
20.9 
.21,7 



17.4* 
17.7 
18.^ 
19.1. 
19.8 
20.6 



17.1 
17.9 
18,8 
19,5 
20/6 
21.5 



1.61 
1.90 
2.24 
2,66 
2,46 
2,85 



1.86 
2.04 
2.32 
2.70 
2.93 
2.99 



1.55 
1.28 
1.53 
2.21 
2.^7 
2.27 



i.41 
2.26^' 
2. 70 
2.65 
.3.22 
3; 54 



U^28 
0.18 

^a6 

0.28 
0.27 
0.26 



i),20 
0.25 
'0.17 
0.24 
0.42* 
0.51 



In centimeters 



15.3' 


15.8 


16.5 


17.5 


^8.5 


19.7 


15.7 


16.2 


17.1 


18.2 


19.3 


20.7 


16.2 


16.7 


17.6, 


18.7 


20.3 


21^8 


16.5 


'17.2 


15.3 


1^.5 


21.1 


23.4 


17.3 


18.0 


18.8 


20.1 


21.7 


23,9 


18.2 


18.8 


19.7 


21.2 


23.3 


25.16 


15.1 


15.6 


16,4 


- 

17.5; 


18.8 


1*9.9 


15.7 


16.1 


17*0 


;8.2 


19.5 


21>2 


16.2 


16.8 


17.7 


1^.0 


20.8 


22.4 


16.6 


17.3 


18.4 


19.7 


21.8 


24 ;i. 


16.9 


17.5 


18.8 


. 20;6 


22,8 


24.9 


17.6 


18.3 


19,6 


21.5^ 


23:6 


26.1 


15.1 


15.4 


>"» 

16.3 


i7.3 


18.5' 


'l9.6 


^5.6 


16. V 


16.9 


17.6 


18.5 


1*9.4 


16.1 


.17.0. 


^17, 5 


18.?. 


19.6 


20.5 


16.3 


17.1 


17,6 • 


18.7 . 


20.3 


22.8 


16.6 


17.5 


18. 5' 


'19.5 


2.0.9 


22.2 


17.2 


18.1 


i9.3 


20.4 


22.3 


'23.7 


14. 7 


15.2 


16.0 


17!*2 


17* 9 


18.7 


15. 3 


i'5.:6 


16.5 


17.5 


18.8 


.20-7 


15.3 


15.7 


16.8'. 


18.3 


20.7 


.22.3 


15.9' 


'17.0 


17.7. 


19.3 


*20.8 


22.8 


16'. 6 


17.2 


18.4' 


20.1 


22.1 


24.8 


17.2 


17.7 


19.3 


20.8 


23.2 


27.0 



ii((Tr.E^: n « sample .size; * estimated number of ctjildren in population .in thousands; X 
" st>atidard deviatioTYj»5^ ^ standard error* of the mean. . 



mean; 



.t^ble 2Q. Lower arm girth of children by race, sex, and age at last birthd-y: sample size, mean, 
ttandard^ deviation, staridard error of the mean, and selected percentiles. United States, 1963-65 



■Race, sex, and age 



I 

. , WHITE 
Boys 

6 years-----——-.-— 

t years— ----------- 

^ 8. years--— ™ — 

9 years-^-— — — — 

10 years—————— 

11 years-- — — 

Gi^ls 

6 years — 

7 years——- — — • 

8 years — — 

9 years-—™- 

10 years-—-— — 

11 years—— — - -- 

v/ NEGRO 
Boys 

6 years——-- — --;;.— 

7 years—- — — - 

8 years-—— — — 
^ 9 years — — \r 

10 years — — - — 

11 years- — - — — --^ 

I Girls 

6 years--- — - — --- 

7 years----- — 

8 years — — 1— 

9 years- — 

10 years-— 

^ 11 years- — - — — — — 



489 
551 
537 
525 
509 
542 



461 
512 
498 
494 
505 
477 



84 
79 
79 
74 
65 
53 



72 
93 
113 
84 
77 
84 



N 



1,797 
1,781 
1,739 
1,730 
1,692 
1,662 



1,72'2 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



X 



Percentile 



5th 



10 th 



25th 



50th 



75th 9Utti 



In centimeters 



17.4 
18.0 
13.7 
).9..4 
19.9 
20.8 



17.1 
17.5 
18.3 
19.0 
19.7 
20.5 



17.2 
17.7 
18.4 
19.0 
19.6 
20.4 



16.6 
17.4 
18.0 
19.0 
19.7 
20.7 



1.32 
1.40 
1.59 
1.74 
1.61, 
1.83 



1.30 
1.42 
1.47 
1.78 
1.91 
1.90 



1.30 
1.09 
1.26 
1,59 
1.50 
1.70 



1.11 
1.78 
1.70 
1.82 
2.02 
2.47 



0.08 
0.08 
0.09 
0.11 
0.08 
0.09 



0.10 
0.07 
0.07 
0.10 
0.12 
0.10 



0.26 
0.14 
0.17 
0*20 
0:20 
0.20 



0;14 

o:i8 

0.14 
0.20 
0.24 
0.37 



15.4 
16.0 
16.3 
16.9 
17.4 
18.2 



15.1 
15.5 
16.1 
16.4 
17.1 
17.5 



15.2 
15.8 
16.3 
17.0 
17.4 
17.6 



1^.9 
15.2 
15.3 
15.9 
16.6 
17.4 



16.0 
16.3 
16.9 
17.3 
18.0 
18.7 



15.5 
16:i 
16.5 
17.1 
17.4 
18.2 



15,5 
16.2 
16.7 
17.2 
18.0 
18.3 



15.2 
15.6 
15.7 
17.1 
17.3 
17.9 



95th 



16.6 


1^.4 


18.2 


18*9 


19.8 


17.2 


18.0 


18.8 


19. 8 


20. 6 


17.6 


18.6 


19.6 


20. 8 


21.6 


18. 3 


19.3 


20.4 


21. 7 


22. 8 


18. 7 


19.7 


2o!,9 


22. 1 


. 22." 9 


19.6 

* 


20.6 


21. 8 


23. 5 


24.^3 


16 . 3 


17.1 


17. 8 


18 . 8 


19. 6 


16. 6 


17.5 


is! 5 


19. 5 


2o! 1 


17*4 


18.3 


19. 3 


20 ! 4 




17. 9 


18.8 


20^2 


21 ! 5 


11, k 


18.4 


19. 7 


20 Q 


22. 1 




19. 1 


20.4 


21. 8 


9'^' 1 


O'K Q 












16.3 


17.3 


18.2 


19.3 


19.7 


17.1 


17.6 


18.6 


19.4 


19.7 


17.5 


18.4 


19.3^ 


20.2 


20.8 


17.9 


18.8 


20. 2r 


21.3 


21.8 


18.6 


19^5 


20.6 


21.9 


22.5 


19.3 


20.3 


21.7 


22.7 


'23.3 












^15.9 


16.6- 


17.4 


18.0 


18.6 


16.4 


17.4 


18.3 


19.0 


20.2 


16.8 


17.8 


19.2 


20. 4> 


21.3 


17.7 


18.8 


20.1 


21. 5 


' 22.7 


18.4 


19.7 


20.8 


23.0 


, 23.8 


18.8 


20.4 


22.0 


24.3 


25.6 



NOTE: n 



sample size; N 



estimated number of childt'en in population in thousands; A"« mean; 
S « standard deviation; ^ standard error of the mean. « 



V 
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Table 21. Calf girth of children byrace, ae^t, and age at last birthday: saii5)le size, mean, stand- 
ard deviation, standard error of the mean, and selected percentiles. United States, 1963^65 



Race, sex, and agef 



N 



X 



Percentile 



5th 



10th 



25th 



50th 



75th 



90th 



95th 



WHITE 




. HEGRO 
Boys 

6 years- — — — - 

7 years- 

8 years-r— ' 

9 years-™*—— 

10 years—™-' 

11 years———' 

^ Girls 

6 years—-—— 

7 years——— 

8 years——-— 

9 years- 

10 years-— 

11 years———' 



489 
551 
537 
525 
509 
542 



461 
512' 
498 
494 
505 
477 



84 
79 
79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



1,787 
1,781 
1,739 
1,730 
1,692 
1,602 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
286 
279 
269 
264 
'255 



281 
284 
281 
265 
266 
253 



23.6 
24.7 
25.7 
26.8 
27..6 
29.0 



23^7 
24.6 
2^.8 
27.0 
27.9 
29.2 



23.2 
24.2 
25.5 
26.2 
27.2 
28.3 



23.2 
24.2 
25.4 
26.4 
27.8 
29.1 



1.87, 

2.14' 

2.35 

2.65 

2.49 

2.82 



1.93 
1.98 
2.21 
2.53 
2.70 
2.87 



1.78 
2.13 
1.8Q 
2.62 
2.30 
2.42 



1.49 
1.86 
2.71 
2.54 
3.24 
3.55 



0.12 
■0.12 
0.14 
0.16 
D.14 
0.16 



0.14 
0.11 
0.11 
0.14 
0.17 
0.16 



0.30 
0.32 
0.21 
0.30 
0.30 
0.27 



0.17 
0.24 
0.21 
0.25 
0.28 
0.38 



In centimeters 



20.8 
21.6 
22.3 
23.4 
24.1 
25.2 



20.6 
21.7 
22.6 
23.4 
24.0 
25.1 



21.0 
21.5 
21.5 
22.5 
23.6 
24.3 



21.3 
22.3 
23.1 
24.1 
24.7 
26.0 



21.3 
22.3 
23.3 
24.1 
24.5 
25.6 



20.7 
22.0 
23.3 
23.4 
24.3 
25.2 



22.3 
23.3 
24.3 
25.1 
26.0 
27.2 



22.4 
23.3 
24.3 
25.2 
26.1 
27.3 



22.1 
22.7 
24.2 
24.5 
25.6 
26.8 



22.2 
22.8 
23.5 
24.8 
25.4 
26.5 



23.5 
24.6 
525.6 
26.5 
27^,5 
28.6 



23.6 
24.5 
25.6 
26.7 
27^9 
28.9 



23.3 
24.2 
25.5 
25.7 
26.8 
27.9 



23.1 
24.3 
24.9 
26.2 
27.6 
28.6 



24*7 
25.8 
27.0 
28.2 
29.3 
30.$ 



24.9 
25.9 
27.3 
28.6 
29.8 
31.3 



24.3 
2^.4 
26.8 
27.7 
28.5 
29.9 

24.3 
25.2 
27.1 
28.1 
30.1 
31.3 



26.1 
27.3 
28.7 
30.4 
30.7 
32.8 



26.3 
27.4 
28.8 
30.5 
31.5 
33.3 



27.8 
26.6 
28.1 
29.6 
30.3 
31.7 



25.3 
26.3 
29.3 
30.4 
31.8 
34.8 



27.1 
28.4 
29.9 
31.8 
32.1 
34.6 



27.3 
28.2 
30.0 
31.7 
32.7 
34.3 



26.6 
27.4 
28.9 
30.7 
3lf.7 
32.5 



26.1 
26.7 
30.4 
.31.2 
33.9 
35.9 



NOTE: n * sample size; N'^ est ted number of children in population in thousands; X*" mean; 



$ « standard deviation; " standard error of the mean. 
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Table 22. Estimated mid- arm muscle circumference of children by race, sex, and age at last birth- 
day: sample size, mean, standard deviation, standard error of»the mean, and selected percentiles. 
United States, 1963-65 ' , ^ * . . ^ 



ivdvc y 


OCX, anu age 
* 


ft 


iV 


A 


S ' 








Percentile 




• 


5th 


10th 


25th 


50th 


/ jZii 


90 th 


95th 




VHITE 












In centimeters 










Boys 


4^9 










; 


















1,787 


15^0 


1.21 


0.06 


13.1 


13.3 


14.0 


14.8 


15. 8> 


16.7 


17.2 






551 


1,781 


15?6 


1.30 


0.09 


13.4 


13.9 


14.6 


15.5 


16.4 


S17.3 


17*. 8 






537 


1,739 


16.1 


1.49 


0.07 


14.0 


14.3 


15. 1 


16.0 


1 ^ Q 


17.9 


18.7 






525 


1,730 


16.6 


1.57 


0.08 


14. 1 


14.7 


15.6 


16.6 


17.6 


18^6 


19. 3 


10 years- 




509 


L,692 


17.1 


1.54 


0.08 


15.0 


15.3 


16. 1 


17.0 


18 .0 


18.9 


19.8 


11 years- 




542 


1,662 


18.0 


1.73 


0.09 


15.5 


16. 1 


16.0 


17.9 


19.0 


20:3 


21.1 




Girls 






























4ax 


1,722 


14.5 


1.20 


0.10 


12.5 


13*0 


13.7 


14*5 


15.3 


16.2 


16.8 


,7 years—— 




CIO 


1 , / 10 


14.. 9 


1 . 38 


0.06 


13.0 


13.3 


14.1 


14.8 


15,7 


16.7 


17.3 






498 


1,674 


15.6 


1.51 


0.07 


13.4 


13.8 


14.5 


15.5 


16.5 


17. 5 


18. 2 






494 


1,663 


16.2 


1.62 


0.09 


13.7 


14.2 


15.1 


16.0 


17.1 


18.2 


19. 1 


10 years- 




505 


1,632 


16.8 


1.85 


0.12 


14. 1 


14.6 


15.6 


16.6 


17 0 
1/ . 7 


19. 1 


19,9 


11 years*; 

> 




477 


1,605 


17.7 


2.01 


0.14 


14.8 


15.2 


16.2 


17.4 


18.8 


20.3 


21.5 




NEGRO 


























* 


Boys 































84 


289 


15.2 


•i 34 


0.31 


13.1 


13. 4r 


^14.1 


15.2 


16,2 


17 . 1 


17 .7 






79 


286 


15.7 


l!l8 


0.17 


13.5 


14.1 


14.9 


15.7 


16.5 


17 . 1 


17 . 8 






79 


279 


16.2 


1.19 


0.12 


14.3 


M.7 


15.4 


16.2 


16.9 


17.9 


18 . 5 






74 


269 


16.8 


1.58 


0.19 


14.6 


15.1 


15.6' 


16.6 


la.i 


18.8 


19 ! 7 


10 years- 




65 


?64 


17.4 


1.43 


0.22 


15.0 


15.6 


16.5 


17.4 


18.3 


19* 3 


19* 8 


11 years- 




83 


255 


18.1 


1.61 


0.17 


15.3 
% 


15,9 


17.2 


18.1' 


19.1 


20.4 


20.9 




Girls 




>♦ 


























72 


281 


14:6 


1.25 


0.17 


12.5 


12.8 


13.6 


14.7' 


15.6 


16.3 


16.7 






93 


284 


15.3 


1.73 


0.24 


13.0 


13.3 


14.2 


15,2 


16.2 


17.2 


17.7 


8 years^ 




113 


28; 


15.8 


1.74 


0.16 


13.2 


13.5 


T4:4; 


15.6 


16.8 


18.2 


18.8 






84 


265 


1^.3 


1.61 


0.14' 


14.0 


14.3 


15.2 


16.3 


17.2 


18.6' 


19.3 






71 


266 


17.4 


2.16 


0.29 


14.2 


15.0 


15.8 


17.0 


18.7 


20.3 


21.5 


11 years- 




84 


253 


18.1 


2.34 


^^5 


15.1 


15.6 


16.6 


17.7 


19.2 


20.8 


23.1 



NOTB: n » sample size; iV » estimated number of children in populatipfi in thousands mean; 
$ » standard deviation; S- - standard e r r o r of the me an . 



Table 23. Chest girth of children by race, sex, and age at last birthday: sample size, mean, 



Race, sex, and age 



N 











Percentile 






s 




5th 


lOth 


25 th 


50th 


75th 


90th 


95tU.> 

1 



In centime ter$ 



6 years 

7 years- • 

8 years— • 

9 years 

10 years— — — • 

11 years — — 

Girls 

6 years- 

7 years >• 

8 years — • 

9 years 

10 years—- v 

11 years—-- — 

NEGRO 
Bo^s 

6 years — 

7 years — — • 

8 years ?— • 

9 years 

10 years 

11 years — • 

Girls 

6 years — - — - 

7 years — 

8 years- 

9 year^ — 

10 years 

11 years 



489 


1,787 


58.7 


3.50 


0.17 


54.2 


54 


.9 


56.4 


58.4 


60.6 


63.1 


64.4 


551 


1,781 


60.9 


4.08 


0.23 


55.5 


56 


.5 


58.3 


• 60.5 


62.9 


65.8 


68.2 


537 


1,739 


63.3 


4.90 


0.29 


57.3 


58 


.4 


60.1 


62.5 


65.7 


68.8 


71.8 


525 


1,730 


66.3 


5.92 


0.41 


59.3 


60 


.4 


62.5 


65.4 


68.6 


72.8 


78.1 


509 


1,692 


67.6 


5.33 


0.29 


60.4 


61 


.8 


64.3 


67.2 


70.1 


73.9 


76.8 


542 


1,662 


71.3 


6.23 


0.26 


63.8 


65 


.2 


67.3 


70.1 


74.2 


80.3 


83.3 


461 


1 ,722 


57 .0 


3. 94 


0 .20 


51. 8 


52 


.8 


54.5 


56.7 


59 . 1 


£ 1 o 

ol. ^ 


O Q 

o3.o 


512 


1,716 


59.0 


4.21 


0.23 


53.3 


54 


.4 


56.3 


58.5 


61.4 


64.6 


67.3 


49$ 


1,674 


61.9 


5.16. 


0.20 


55.5 


56 


.5 


58.3 


,61.4 


64.4 


68.1 


71.8 


494 


1,663 


64.6 


5.93 


0.33 


57.3 


58 


.3 


60.6 


63.5 


68.0 


72.7 


76.9 


505 


1,^351 


67.2 


6.67 


0.37 


58.6 


,60,0 


. 62.5 - 


_66.-4 


71.0 


•76.6 


80.0 


477 


1,6&$ 


70.6 


7.12 


0.33 


60.4' 


62 


.6 


65.6 


69.5 
*• 


75.5 


80.3 


83.2 


84 


289 


58.0 


3.22 


0.61 


53.4 


54 


.7 


55.5" 


57.8 


60.3 


62.6 


63.7 


79 


286 


59.8 


2^75 


0.38 


55.9 


56 


.5 


57.9 


59.7 


61.6 


63.5 


64.9 


79 


279 


62.4 


2!8§ 


0.38 


58.0 


59 


.2 


60.4 


62.2 


64.2 


65.7 


67.5 


74 


269 


64.1 


4.48 


0.46 


57.5 


58 


.7 


60.4 


64.0 


67.2 


70.8 


71.7 


65 


264 


66.0 


4.17 


0.46 


60.8 


61 


.4 


63.2 


65.5 


68.2 


72.4. 


74.1 


83 


255 


68.3 


A. 77 


0.46 


61.4 


63 


.0 


65.7 


67.5 


70.1 


73.7 


79.4 


72 


281 


55.9 


2.91 


0.38 


51.2 


52 


.2 


54.1 


55.8 


58.3 


59.7 


61.3 


93 


284 


57.8 


3.88 


0.53 


53.3 


53 


.8 


55.0 


57.1 


60.3 


62.3 


63.7 


113 


281 


60.3 


5.01 


0.42 


53.8 


54 


.9 


56.6 


59.2 


63.4 


66.9 


68.6 


84 


265 


63.2 


5.61 


0.53 


SB. 5 


57 


.3 


58.9 


63.1 


64.9 


70.9 


75.6 


77 


266 


66.2 


6.64 


0.73 


56.6 


60 


.2 


61.8 


65.4 


69.0 


73.2 


81.0 


84 


253 


69.7 


7.09 


0.97 


60.5 


61 


.6 


64.3 


69.1 


74.2 


80,7 


83.8 



NOTE: n - sample size; N - estimated number of* children in population in thousands; X' mean; 
«■ standard deviation; *j - standard error the mean. 



i 



49 



44 



ERIC 



\ 



Table 24. Waist girth of children by race, s^x,, and age at last J)irthday: sample size, mean, 
standard deviation, standard error of the mean, and sele<;ted percentiles, Uhited States, 1963-65 



Race, sex, and age 



^ WHITE 
Boys 

6 years 

7 years- 

8 years : 

9 years--- 

10 years 

11 years 

Girls 

6 years 

7 years 

8 years 

9 years 

10 years 

11 years 

NEGRO 
Boys 

6 years 

•7 years 

8 years 

9 years 

10 years 

11 years-- 

Girls 

6 years 

7 years--7'',y^ 

8 years^ 

9 years 

10 years-*- 

11 years 



489 
551 
537 
525 
509 
542 



461 
512 
498 
494 
505 
477 



84 
79 
79 
74 
65 
83 



72 
93 
113 
84 
77 
84 



N 



1,787 
1,781 
1,739 
1,730 
1,692 
1,662 



1,722 
1,716 
1,674 
1,663 
1,632 
1,605 



289 
286 
279 
269 
264 
255 



281 
284 
281 
265 
266 
253 



X 



Percentile 



5th 



10th 



25th 



^50th 



90th 



In centimeters 



53.0 
54.5 
56.4 
58.3 
59.5 
62.4 



51.8 
53.1 
54.9 
57.1 
58.2 
60.1 



52.4 
53.4 
55.3 
56.2 
57.7 
60.0 



51. 5> 
52.6 
54.8 
56.8 
58.3 
60.9 



4.20 
4.64 
5.6U 
6.33 
6.08 
7.27 



4.58 
4.54 
5.34 
5.87 
6.38 
6.45 



4.28 
3.15 
3.85 
4.71 
4.29 
5.25 



3.28 
4.11 
5.47 
5.27 
6.57 
8.80, 



0.20 
0.26 
0.30 
0.43 
0.29 
0.30 



0.24 
0.29 
0.24 
0.34 
0.42 
0.31 



0.63 
0.58 
0.45 
0.58 
0.44. 
0.44 



0.38 
0.55 
0.36 
0.52 
0.59 
1.22 



47.4 
47.9 
49.5 
51.3 
52,3 
54.2 



45.4 
47.2 
47.7 
5a. 1 
50.4 
52.1 



46.9 
47.9 
49.7 
49.3 
52.3 
53.1 



45.5 
47.5 
47.8 
51.0 
51.1 
53.0 



48.4 
49.6 
50.7 
52.3 
53. ^ 
55.5 



46.8 
48.3 
49.4 
50.9 
51.5 
53.1 



48.3 
49.4 
50.6 
50.8 
52.6 
55.1 



46.7 
48.4 
49.1 
51.6 
52.7 
53.5 



50.3 
51.7 
53.0 
54.4 
55.3 
57.7 



49.1 
50.2 
51.6 
53.3 
54.1 
55.5 
<:. 



49.7 
51.8 
52.9 
53.1 
55.2 
57.1 



49.6 
49.6 
50.8 
53.4^ 
54.7 
56.2 



52.5 
54.1 
55.8 
57.3 
58.4 
60.6 



51.6 
52.5 
54.0 
56.1 
57.3 
59.3 



51.7 
53.6 
54.9 
57.8- 
57.4 
59.5 



51.8 
52.2 
53.7 
56.7 
56.8 
56.8 



54.9 
56.7 
58./ 
60.5 
62.3 
65.5 



53.9 
55.5 
57.4 
59.9 
61.3 
63.6 



54.7 
55.2 
57.8 
58.8 
59.6 
62.3 



53.9 
54.6 
58.3 
58.5 
60.9 
63.1 



58.3 
59.7 
62.5 
66.3 
67.2 
71.6 



56.9 
59.0 
61.7 
65.3 
65.8 
69.0 



57.8 
57.4 
61.1 
61.6 
63.9 
65.3 



55.2 
57.6 
61.7 
64.2 
64.7 
68.6 



95th 



60.2 
61.7 
66.1 
71.5' 
72.3 
77.5 



59.2 
61.5 
66.1 
68.4 
71.4 
72.5 



60.6 

r59.0 

63.0 
64.3 
67.4 
72.5 



56.4 

61.7 

153.9 

67.8" 

71.5 

78.4 



NOTE: tl • sample size; 
• standard deviation; 



estimated number of children in population in thousand^ X > 
$^ « standard error of the mean. 



mean; 



45 



Table 25. Hip girth of children by race, sex, and age at last birtbday: sample siz^, mean, stand- 
ard deviation, -standard error of the mean, and selected percentiles. United States, 1963-65 



Race, 


jt * 

sex, ana/age 

1 


11 




Y 

\. ... y 


S 


h 






Percentile 






5th 


10th 


25th 




/ jcn 


90th 


95th 




WHITE ' 

r 












In centimeters 










« 


Boys / 
















/ 














489 


1 787 


58. 3 


4 . 82 


0. 37 


51.4 


52.5 


55.1 


JO . u 


01 . X. 


64 . 5 


66. 6 






551 


l!781 


6l!l 


5!24 


0:35 


53.7 


55.4 


57.8 


OU. J 


0 J« O 


67*. 7 


69*. 8 






537 


1,739 


64.2 


5.-93 


0.42 


56. 5 


57. 7 


60.4 


AT 7 


A7 9 
0 / . Z 


71.6 


75.1 






525 


1,730 


67.3 


7.23 


0.53 


58. 3 


59.6 


62.6 


66.1 


70.6 


76.2 


81.7 


10 yearg' 




509 


1,692 


69.4 




0.47 


60. 6 


62.4 


65.0 


68.5 


73.4 


78.4 


80.9 


11 yearS' 




542 


1,662 


73.5 


7.49 


0.43 


63. 0 


65.6 


68. 3 


72.4, 


77.5 


83.8 


88.1 




Girls 








/ 


















6 years— 


461 


1 , 722 


59. 1 


5.21 


0. 34 


51. 1 


♦53.1 


55.6 


^ Q Q 
JO.O 


A9 1 
OZ . J 


65 . 6 


67.6 






512 


l',716 


62.* 3 


5!55 


o!32 


54,6 


56.1 


58.3 


01.0 


A^ fl 
0 J« o 


69!6 


72*. 5 






498 


1,674 


65.7 


6. 14 


0.36 


56.2 


57.7 


61.7 


Oj .4 


AO 1 

oy . J 


73.5 


76. 7 






494 


1,663 


68.9 


7.1? 


0.49 


59. 1 


61.0 


63. 7 


oo .U 


7^ ~l 


79.2 


81.6 


10 yearS' 




505 


1,632 


7«.4 


7.89 


0.57 


61. 2 


63. 2 


66. 7 


/I .O 


1C Q 

7d. y 


82.7 


86.3 


11 yearS' 




477 


1,605 


76.6 


5.25 


0.46 

r 


64. 6 


66. 5 


71.0 


75.7 


. 82.2 


87.4 


92.0 




NEGRO 








J 

s 




















Boys 






























84 


289 


56. 2 


3. 86 


0. 39 


51. 1 


51.5 


5».4 


JO . J 


JO.M- 


61. 3 


63. 1 






79 


286 


58^4 


3*.34. 


.4^.42 


52.8 


54.1 


56.2 


^ Q ^ 
JO. J 


Al A 
Oi. 


62*. 5 


63!l 






79 


279 


62.8 


4.74 


0.76 


55.2 


56.5 


60.1 


A9 Q 
OZ . o 


A*; ft 
0 J. o 


68.6 


71.0 






74 


269 


64.9 


6.14 


1*04 


57.3 


58.1 


60.3 


64.7 


67.6 


72.5 


77.9 


10 years^ 




65 


^64 


67.4 


5.79 


0.84 


58,8 


59.9 


64.3 


o o . / 


7n 1 

/U. 1 


75.3 


78.9 


11 years^ 




83 


255 


70.9 


6.32 


0.88^ 


61. 1 


62.0 


66.8. 


70,8 


74.7 


78.0 


80.2 




Girls 








( 






















72 


281 


57.2 




i)>64 


49. 7 


51.1 


54.4 


57.3 


60.3 


63.5 


64.5 






93 


284 


6a.X) 


^^.67 


0.71 


53.3 


54.2 


56.4 


59.4 


62.4 


66.6 


70.5 






113 


281 


64.3 


6.90 


0.53 


54.5 


55.9 


59.3 


63.6 


«69.0 


73.4 


76.9 






84 


265 


67w8 


7.53 


0.B5 


58. 1 


59.6 


- 62.6 


66.7 


71.4 


77.6 


79.8 


10 years^ 




77 


266 


7214 


8.55 


0.88 


60. 1 


61.9 


66.9 


71.5 


76.8 


83.8 


86.7 


H yearS' 




84 


' 253 


77/. 1 


10.56 


1.64 


63.4 


64.9 


70.4 


74.9 


81.8 


91.5 


100.7 



NOTE: n ■ sample size; ^V* eetiinated number of children in population in thousands; X " mean; 
' S • standard deviation; « standard etrc^x of the^TOean. 




Table 26. Normal deviates of differences between measurements of various components of 
the extremities of white and Negro children and ranking of normal deviates within sex 
and age groups " *' **** 



Sex and age 


Lower extremity I 


Upper extremity 














X 


Foot ' 
length 


Pop- 
liteal 
height 


Bjuttock- 
knee 
length 


Hand 
length 


Elbow- 
wrist 
length 


Acromion- 
olecranon 
length 



Boys 



$ years-- 
7 years-- 
•6 years 

9 years-- 

10 ye^s. 

11 years- 



Girls 



*6 years --i*---- 

7 years--*- 

8 years 

9 years ' 

10 years 

11 years 

r Boys 

6 years 

7 yeaxjs 

8 years 

9 years 

10 years 

11 years 

Girls 

6 years r 

► 7 years 

8 years 

9 years 

10 years, 

,11 years , 



'ormal deviate 



.3/13 


-3.52 


-0.81 


-6,14 


-4.80 


-2.61 


-4.64 


-3.65 


/ -1,12 


-7,45 


-6.47 


-1.42 


-5.14 


-6>wr 


-0.98 


-6.24 


-6 .-64 


-4.08 


-3.66 


-4^87 


+0>17 


-7', 61 


£5.42 




-3.57 


-3.52^ 


-0.22 


-5,01 


-3.61 


+1.^3 


-4.50 


-5.8te 


-0*.20 


-8,77 


-7.96 


-1^7 


-4.44 


-3.66 


( -0,31 


-8,23 


-4.98 


-2.50 


-7.12 


-6.18 


-1.15 


-8,41 


-8.38 


-5.37 


-5.14 


-3,35 


-0.97 


-6,96 




-1.49 


-4.58 


-6.46 


-1.58 


-10.57 


-8 ..78 


-3.75 


-5.37 


-3.54 


-1,92 


-9,79 


-7.41 


-3.86 


-3.59 


• -2.74 


-1.98 


-6,48 


-6,. 09 


-2.50 



Rank of normal deviate' 



2*1 


3 


1 


3 


2 




3 


2 


^ 1 ' 


^3 


2 




2 


3 


< 1 


2 


3 




2 


3 


1 


3 


2 




3 


2 


1 


■ 3 


2 




2 


3 


1 


'3 


2 , 




3 


2 


1 


3 


2 


1 


3 


2^ 


1 


3 


2 


1 


3 


2 


1 


^ 2 


3 


1 


2 


3 


1 


3 


2 


1 


3 


2 


1 


3 


2 


1 


3 


2 


1 


3 


2 


1 



5^ 
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APPENDIX I •, 
STATISTICAL NOTES 



'The Survey Design 

I* 

TJie £>ampling plan of the second cycle of the HES 
followed a highly stratified, multistage probability de- 
sign In which a sample of the'U.S, population (including 
Alaska and Hawaii) from tHe ages of 6 through U 
years inclusive was selected. Excluded were « those 
children confined to^an institution or residing upon any 
of the reservation lands set up for the American Indians. 

In the first stage of*this design, the nearly 2,000 
primary^tfSmpihig units (PSU's), geographic units Into 
which the United States w^s divided, were grouped into 
SS'' strata for the use of the Health Interview Survey 
and the Current Population Survey of the U.S. Bureau 
of the Census and were then further grouped into 40 
superstrata for use in Cycle II of the HES. ./ 

The average size of each Cycle II stratum was 4.5 
million persons, and all strata fell between the limits 
of 3.3 and 5:3 million. Grouping into 40 strata was 
done in a way that maximized homogeneity of the FSU's 
intluded in each stratunfi, p4rticularly with* regard to 
the degree of urbanization, geographic proximity , and 
degree of industrialization. The j40 strata were classi- 
fied into four broad geographic regions (each with 10 
strata) of approximately equal population and cross- 
classified into four broad population density groups 
(each having 10 strata). Each of the resultant 16 cells 
contained either two or three strata, A single stratum 
might include only one PSU (or only part of a PSU as, 
for example. New York City, which represented two 
strata) or several score PSU's. 

To take account of the possible effect that the rate 
of population change between the 1950 and ihe 1960 
Censuss might have had on health, the lO^strata within 
each region were further classified int'S four classes 
ranging from those with ijp increase to those with the 
greatest relative increase. Each such class contained 
. two or three strata. 

One PSU was then selected from each of the 40 
strata, ^ A controlled selection technique was used in 
which the probability of selection of a particular PSU 
was proportional to its i960 population. In the con-^ 
trolled selection an attempt was also made totnaximize 
, the spread of the PSU's among the States, While not 
every one of the 64 cells in the 4x4x4 grid coHtribut^es 



48 



'a PSU to the sample of 40.PSU*s, the controlled selec- 
tion technique ensured tfie sample's matching the 
marginal distribution^ in all three dimensions and being 
clo:>ely representative of all cross-classifications. 
Generally, wthin a particular PSU, 20 ED's (cen- 
sus* enumeration districts) were selected with the 
probability of selection, of a particular ED proportional 
tu its popfUlation in the age, groups 5-9 years in the 1960 
Census, >vhich by 1963 roughly approximated die jxjp- 
ulation in the target age gx:oup for Cycle II, A similar 
method was. used for selecting one segment ^cluster 
of households/ In each ED, Each of the resultant 20 
segments was either a bounded area or a cluster of 
households (or addressee). All .of the children in. the 
age range properly resident at the addr.ess visited 
were EC's (eligiMr children). Operational considera- 
tions ma^de it necessary to reducfe the number of pro- ^ 
^spective examirfees at any one location to a maximum 
of 200, The EC's to be excluded for this reason from 
thfe SC (Sample child)groupwere determined by system- 
'atic subsampling. If one of the sample children ha^ a 
twin who was not a sample child, this ott]er twin was 
brought in for examination, and while the results were 
recorded for use In a special substudy of twins, this 
twin was not included in the 7,1 19 children under the 
present analysis, ^ . ' , 

The ttotal sSample.. included "7.417 children 6-11 
year;5 of age of whom 96 percent were finally examined. 
These '',119*examined children represented the roughly 
24 millloM child ten in the United States who met the 
general criteria for inclusion in the sampling' universe 
as of mid-1964. » ' c. • ' 

All data presented in this publication are based on 
"weighted" observaticinB. That is. data recorded for 
each sample child ar^ inflated in the estiniation process 
to characterize the larger unl^llFse of which the sample 
child is representative.^ The weights used in this in- 
flation process are a product of the reciprocal of the 
probability of selecting the. child, an adjustment ^for 
nonresponse cases, apd a poststraVified.r^tio adjustment 
which increases precision by bringing Purvey results 
into closer alignment with known U.S. population! 
by color and sex for single years of age 6-11 

In the second cycle of the UESxh&^^^^le was the 
result of three stages of selpjllCn—the single J'SO 



ERIC 




Boys 



Negro 



97.7 
97.5^ 
97.5 
98.7- 
98,5 
•-98. 8 



98.1. 



White 



.96.3 
96.3 
'95.0 
97.4 
?6.8 
95.8. 



96.. 2 



?irls 



"Negro. 



97.3 
98.9 
99,1 
1X)0,0 
97,5 
98,8 



98,7 



White 



94^7^ 
94.8 
96.5 
93,9 
94.7 
95,0 



94 -,9/ 



from e%ch stratum, the 20 segments from each sample it can be 4»een that only aCageS years was thq response 

PSU, and the sample childrenfromtheeligiblechildren. rate for girls better thmi that for. boys, 

nfe probability of selecting an individual child is iha * A similar anaji^is can , be ^ioneby age, rac^, and 

product <Jf the probabilities of selection at each stage < sex as shown bejw: 

♦ ' Since the strata are roughly equal in population 

size and a nearly equal number of sample children were ^ 
examined in each of the sample PSU's. the sample 

design is essentially self->veighting with respect to the . Age 

target population; that is, each child 6-11 years old had . /"^ ' * 

about the 'Same probability of being drawn :^to the ** . 

sample. ' 

The adjustment upward for nonresponseis inten^e^ 711111111111111111 

to^ minimize the impact of nonresponse on final e;?ii- 8r» — r- — * — t 

mates by imputing tononrespondents theqharact^ristic.s ^j: — "2 — 

of "similar" respondents. Here "similar" resj^Aderfts 
were judged to be examined children in a sarQple f*SU 

having the same age (In years) 'and sex as children* not Totai^^— 

examine in that sample PSU, , - , ' * ^— ^ — 'r^ 

The poststratifled ,ra6o ^djustn^ent usetd in the , A striking difference in response iii rjeadily seen, Ne- 

second cycle achieved most of the' gains in'pr^cisU^n , , gro children re^iponded better than their white counter- 

which would have been attained if the sample had be^in parts at every age group,, and 9->ear-oM Negro girls 

drawn from a population. stratified By age, color * and }iad an extraordinary 100-percent response rate, ^ 

sex" and made the final sarfj'plfe'estiniat^s of population / ' ' *- . . , 

agree exactly 'with independent co^^trolsprepar^dby the;' Parametdr and Varlanct Estimation- . ' 

U.S. Bureau of the Census for the rioftnstitvtiotial pop-?. ' „ , 

ulatlonof'the UnltedStates as of August K 19e4(approx^ each of the 7.119 sample children has dn 

imate midsurvey point) f>y color' and sex for each , assigned statistical weight, all estimates of populatlon 

single year of age 6-1 1 . The weights of every responding parameters presented in HES publications are^computed 

sample^ child in each 9^ the 24 age; color, and sex, taking this weight into consideration. Thus. X. the estl- 

classes arft adjusted upward or downward so' that.tfie ' ^^^^ ^ popuIatioamean/V," is computed as follows; ^ 
weighted total within the class, equals the independent „a . - ^ - . ' 

population 'control, . , , ' * X-/zw^, where X, is tlje observation or 

A -more ^detailed' description of the samplingplan ' '^^easuremem taken on the person and Is 
and estimation procedures is included iA, earlier re- ^ ^^e statistical weight assigned to that person, 
ports of the Vital andmuh Statistics s.eries,?^ Se- ^^^e HE$ has an extremely complex sampling plan, 

ries U. No. I. describes the techniques used in Cycle obviously the estimation procedure is by the very 

U which are Similar to those ot Cycle III, . , ^^^^^^ ^^e sample, conjplex as <velK A method is re^.^ 

quired for estimating the reliability of findings which 
*?^reflects both the losses from clustering sample cases 
at two stagey and the g^ins from strafificatibn. rapo 
estirhation, and* poststratification,"^* 

The tjnethodjor estimating variance's in the HES 
Is the half-sample replication technique.^The method 
was developed at the U.S. Bureau of the Census prior 
to 1^57 and has at times be^n given limited* us6 In the 
estimation. of the reliability of results from the Current * 
Population Survey. This halfrSample replication tech- 
nique is particularly well suited to' the HES because 
the sample/ although compleix in ^Jesign. is relatively 
small (7.119 ca^es) anc^^s b^sed on but 40 strata. This 
feature permitted the development of a variance egtl- 
mation computer program [which produces tables con-.' 
twining* desired' estimates of aggregates, means, or 
distributions, together with actable identical in forfhat 
but with the estimatejd variances instead of the 08ti- 
matec^ statistics,/ The computations required by the- 
mc;thod are sinriple. and *the -internal storage require- 



Notes on Response ftdtes \ 
* v' 
There were 7 417 ^children aged 6-11 years se- 
lected, tor examinatiotT. Of these, 7,1*19 were acjually 
examined, which made an overall ret>pont>e rate of just 
under 9^ p;ircent. The .respoUbe rate by t>ex and i-ye^ar 
age group i^ shown helow^ 




NOTE- Tlic list reference? follows the text. 



ments'are well within the limitation of the IBM 360-50 
computer system utilized at the National Center for 
Health Statisdcs. 

Variance estimates cpmputed for this report were 
based on 20 balanced half -sample replications. A half 
sample was formed by c^2j)8lng one sample PSU from 
each of 20 pairs of sample PSU*s,^The composition of 
the 20 half samples was determined by an orthogonal 
plan» To compute the vari^ce of any sUtistic, this 
statistic Is computed for each of the 20 half samples* 
Using the mean as an example, this Is denoted ^* 
Then.^he weighted mean of the ejitire, undivided sample 
(X)ls computed. The variance of^the mean is the mean 
. ' square deviation -of each of the 20 half- sample means 
about ^e overall mean. Symbolically; 

20 

and the standard error of ihe mean is. the square root 
of this, in a similar manner/ the standard error of 
any statistic may be computed. 

A detailed description of this replication process 
by Philip J. McCarthy. Ph.D.. has been publlshed.^^ 

Stondords of R«li€rbili»y-^tmd Precision 

All means, variances, and percentages' appearing 
III this report met deilned standards before they were 
considered acceptably pi;f else and reliable. 

The rule for. reporting means and percentiles^on- 
slated of two basic criteria. The first criterion was 
that a sample size of at least five was required. If this 
IJrst criterion was met, then the second criterion, 
that the coeff^knt of variation {I.e., the standard 
error of the mein divided hy the mean (sy^)] was to 
be less than 25 peTO^nt. must have been demonstrated. 
JpThus, if either the sample size was too small, or the 
W ^ variation with respect to the mean was too large, the 
estlmfitc was considered neither precise nor reliable 
enough lo meet the standards estabHehed f6r publi- 
cation. 



Hypothesis Testing ^ ^ ^ 

Classically/, to test the* difference between two 
means (or. put differently, to test whether !Cwo samples 
could have been drawn jfrom the same population), one 
could set up d test statistic which wou^ utilise the 
means and standard errors of the means as computed 
from the samples. The statistic 
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Would then be compared to a table of normal deviates, 
to determine the probability of obtaining values of the 
^est statistic as extreme or more extreme tharv^that^ 
computed, if in fact the two population meaifs were 
equal, 

Because of the nf^y breakdowns of the HES sam- 
ple, innumerable tests of this nature could beeper- 
formed^ Wi?h each new test, the probability of reject- 
ing a hypothesis Incorrectly may be .05; but If 10 such 
tests are performed, the probability of rtiaklng at least 
one mistake sornewhere Jn those 10 tests is closer to 
0,60, This -last "overall error rate*' will ge^ncreas- 
ingly large* as the number Of such tests increases. 
, Therefore, while the data necessary to do j tests are 
provided In 'xJ^e^ tables of this report, no Quch tests 
were performed by the authors. 

It was decided to place the greatest emphasis on 
a relationship remaining consistent over both sexes 
and all ages under consider a tioiL'-In-other words, to 
say, for instance, that "girls have buttock -knee lengths 
greater than bo>s for all ages between 6-II years' has 
far mote meaning and interpretability than to say the 
mean buttock-knee length for 6-year-old girls is sig- 
nificantly greater than the corresponding mean fur 6- 
year-old buy©," as determined by a normal^ deviate. 
In these analyses consistency, rather than a statement 
dbout a succession 6f Individual probability levels, Is 
the facjtor considered most important In demonstrating 
relatTon^hlp, * ' 
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c , APPEND^C II 

TECHfcJIQUES OF MEASUREMENT AND QUALITY CONTROL 



, Techniques of Measurement' 

Trained observers made all measurements, reading 
them to the nearest millinjeter (tenth of a centimeter). 
All measuVements were read aloud to a recorder, who 
repeated aloud each numWr l>ack to the observer as it 
was recorded in the proper space on the record form. 



This repetition served both as a doublecheck on the 
measurement and to reduce recording errors. 

Measurements were performed in a regular se* 
quence to minimize the number of posltioi) changes the 
child was required to make. The sequence is Illustrated 
on the measurement recording form (figure 1>. It 
should be noted that not all the measurements taken in 



HEALTH EXAMINATION SURVEY--II 

BODY MEASUREMENTS 



SITTlNGc* 



rOOT LINOTK 
FOOT MCAOTM 
KUn NOOHT 
rOfUTSAL HSMHT 
THi«N CtXAIUNCt 
•CAT MWAOTM 
ILaOW-^ELAOW WWAOTH 

trmttm hxiomt— cnxcr 

■UTTOCM-FO^UT IXNOTH 

■UTTOCK-KNa tXNOTH 

CtjBOW-WflltT LOMTK 

HAND LKNOTH 

HAMO MtAOTM 

t - 

Sl^DiNG (ON STEP) * 

R •ICONtVUAH DtAM 
n CSkLT •iMTH 
• TANOINft HCtOHT 

ANTHRO. NO. . 

C04J1. 



CNO CANO M 



STANDING (FLOOR)* 



\ 

ACROMION TO OiXCRAMON 
CHUT SftCAOTM 4nrH ICS 

CKxar ottpTM <rM ics 
^cmrrAC oiam. 

CHCtT aiRTH 
WAIVT OtRTH 
MP •IfTTH 

m Uf^Cff AltM «lflTM 

K LO^^rCN AMM OIRTH 
—I 

SKIN FOLDS 

m. UrpCn ARM (MM) 
m, INrNASCAK/LAM (MM) 
' "*^fr WALL (MM) 



WtraHT (LM) 



I In cm ' * • • 

MCASUREMEHTS HOT OONC OR SIOC VARlCD-ip«cify wTticK tnd fiv« rtaion 



^ I «AMm.C NO (1-1) 

Figure I. Body neasufement recorciing form. 
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the survey are reported in the^pr esc nt report. The three 
skinfolds, for exampl(?. have been analyzed and reported 
already, while Other .specific sports are still in prep- 
aration. 

All of the technicians wereexperiencedX-ray tech- 
nicians whoha<J been trained in anatomy and the identi- 
fication of specific body landmarks, in addition^ X-ray 
technicians, both by disposition and training, tendjo 
work well with people^.and are skilled in giving the ex- 
aminee verbal ordens along with the necessary handling 
to achieve proper positioning. 

Each technician received more than a mcfcth of 
intensive training before being considered minimally 
proficient in making body measurements. In this train- 
ing, ^he became skilled with the equipment, the precise 
locations of the body at which the measurements were 
to be taken, and the technique of measurement itself. 
The major sources of measurementerror are improper 
positioning of subject's body, improper selection of 
specific body landmarTcs, and improper application of in- 
strument (for instance, not perpendicular when meas- 
uring ^ diameter or circumference, or improperly 
compressing the soft tissue* over bony landmarks). 
, Incorrect reading of the instrument (usually trans- 
position of numbers) also occurs with discouraging 
frequency;. When these errors were mostly overcome, 
the new technician's data were carefully compared with 
those of the other three technicians and the two super- 
visors before they were officially accepted as recorded 
data. 

As was emphatically statedby Hertzberg when sum- 
marizing theConferencKJon Standardization of Anthropo- 
metric Technique*; and TerminoIog> in 1^68. every 
effort must be ma^e to insure accuracy of measurement 
arid standardization of procedure if the data are to be 
useful. The preceding di'scussjon sketches the chief 
procedures used lo reduce both systematic and variable 
measurement error. As discussed in the lengthy sub- 
sequent section. **Quality Control and i-stimation of 
Residual Measurem^mJIrr^r " the absolute amount of 
systematic error can never truly be known unless one 
agrees on the "perfect measurer \yith perfect equip- 
m,ent i>eri'ecciy applied, etc.*' A good estimate of the 
residual variable measurement 'error can. however, bo* 
achieved by replicate exa^minations for both inter- and 
intra-ohscrver variability. - 

In ihh subsequent pages, the equipment. mc\tsure- 
ments. and specific proc<*dures usea in the survey are 
described and ilju.st rated. Next the quality control pro- 
cedures which were used tomt)nitor the lx>dy measur^e- ^ 
monts are discussed extensively. , " ~ 

Equipment 

1 hi' mci^surm^ eqtnpnient ct>n*i.^tedv4^f several 
anthropomi't^T.-^, small ,sluiin^ .s. steel t.ipe.s. and^ 

a'nu'asiirin^ table with .m .Ki}u-^Kll)K ; »iir<'^l. 

NOTE The list ol references iollows th* (c\t 
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Figure II. Anthropometric ins^truwents ^sed in Health Exewin- 
at ion Survey, United S tastes i 1963-65,- A: int7>rppo«eter; B: 
sITdihg caliper^ C: stc^i tape. ' 

TTie anthropometer (^figure II) was used to measure 
various body lengths, heights, and breadths. It is a rod 
consisting of four sections and two crossbars, or meas- 
uring arms. One of the crossbars is fixed, while the* 
other is movable. The anthropometer is calibrated in 
centi'^'^^erf? amd r^iUimeters. It has two scaie'^, one 
reading from the top down and the other from tl^e bottom 
up. In this survey, a section of orje anthropcyrjyter was 
fitted with a base for stabilizing purposes (to avoid 
tilting when making various height mt^asureriTents), while 
another was fitted into the sliding backboard of the 
measuring table. 

The^small sliding ca/</>er (figure II) was used to 
measure hand length 'and breadth. It consists of a flat 
metal bar upon which a slide moves. One of the cross- 
barf> i.s fixed, whilp the other is'rpovable. The small 
sliding *fealipers are calibrated in centimeters and 
millimeters. . - - • 

'1 he steel tope (figure II) was used to measure 
various bodv circuinferencp*^ Ir is a flexible tape with 
a spring rewind and i? i.s scaled in centimotens and 
millimcter.s on one >i'e. in inches on the other. 

The measuring table wa.s such that it could ac- 
commodate children of varving sizes and Dropoftion^. 
It w,is equipped with an ndj^^j^table foot rest in order to 
m<iintain a .standardized position of the lower cxtrcm- 



Itles during iRe measurement process. The surface 
of the table was also equipped with a measurement 
scale in cemimecers and millimeter s and with a sliding 
*backboard «at right angles to the scale. 

Meosurtng Procedures ond Oefinitions 

Weight was measured on aToledo self-balancing 
weight, scale which mechanicall> printed the body weight 
directly onto a permanent record. It was recorded to 
the nearest 0.5 pounds. ^ 

Height was measured as the distance from the stand- 
ing surface tothetopoflhe head. The »^hild was in stock- 
ing feet with feet together , back and heels dgainst the 
upright bar of the height scale, head in the Frankfort 
plane {loov"S directly for^sard), 4ad otanding erectly 
("standing up tall*'}.^ 

General position for sitting, measurements. TTie 
child sat on the measuring table with the popliteal 
fossae at^the front edge of the table. The footrest was 
adjusted so that the child sat with his knees and feet 
together, heels against the heel rests, feet at right 
angles to the lower legs, and lower legs at right angles 
to the thighs. Elbows were held at the sides with fore- 
arms at right angles, hands open, and palms facing 
each other, or with hands resting on knees. Arm 
positions were adjusted when necessaj^ to meet th6' 
requirem^ts of specific measurements. 

General position for standing meus^urements. The 
child stood erectly svith the head oriented in the Frank- 
fort plane, i.e., looking directly ahead and feet to- 
gether. Arms were held relaxed at the sides. Postural 
adjustments were made to meet the requirements of 
specific gieasurements. 

Sitting height wa^ measured ao the vertical distance 
frotxf the sitting surface to the top of the head. With the 
subject seated a& described above, thl" backboard on the 
meafiuring table was brought up firmly against the but- 
tocks. The movable arm of the anthropometer (which 
was inserted into the backboard) was* brought down 
firmly to the midline of the top of the head. 

iuttock^knee length was measured as th;, distance 
from inc rearmost projection of the buttock to the front 
of. the right kneecap. With the subject seated as pre- 
viously described, the fixed crossbar of the anthropom- 
eter was placed in light contact with the rearmost 
projection of the buttoct, and the movable crossbar 
was brought into light contact with the front surface of 
the right kneecap (patella). 

Popliteal height was nieasured as the distance from 
the surface of the footrest to the underside of the right 
knee. With the subject Scateda& previously described, 
the anthropomctLi v^kh its atiachLd. ba.se v^as placed 
on the fooirt-st' adjacent u> the nglit fui»i and the mov- 
able dxm brought to the k^vtl bf the table surface 
on which thX child was stated. Hiis i.-^thelevd at which 



NOTE. The ]is( of references follows the (ext. 



the under side of the right knee (tendon of, the biceps 
femoris muscle; comes into contact wuh the table sur- 
face, 

. Foot length was measured as the distance from the 
back of the right heel to thcctip of the longest toe. With 
the child seated^s previously ^fiscribed. the fixed arm 
of th6 anthropometer was lightly applied behind -the 
heel with the rod parallel to the long a?cih of the foot. 
The movable bar of the anthropometer wa& then brought 
into light contact with the tip of the longe?»t toe. 

Acromion^olecranon length was measured as ihe^ 
distance from the acromial process of therigh^&capula 
pouter point of the shoulder; to the olecranon process of 
the ulna (elbow^. With the subject standing, right arm at 
his side and* elbow bent at a 90-degree angk^ the fixed 
crossbar of the anthropometer was placed firmly at the 
right acromial process and the movable crossbar was 
brought into firm contact with the olecranon process 
(tipo/ the elbow). 

Elbow^ivrist length was measured as the distance 
from .the olecranon process (^bow> to the distal end of 
the styloid process of the ulna. With the subject seated 
aa pre\iously described but with palm facing downward, 
the fixed arm of the anthropometer was firmly placed 
at the olecranon process (tip of the elbow) and the mov- 
able arm was/imiZ> placedat the distal end of the styloid 
process of the ulna. 

Hand length was measured as the di.stance from the 
wrist (midpoint of most distal cre;ase or groove) to the ' 
tip of the middle finger. With the right hand fully ex- 
tended, palm ^up^and thumb straighj;^ but relaxed, the 
fixed end of the sliding caliper was placed at the mid- 
point of the distal crease at the wrist ^located by having 
the child flex the hand at the wrist), and the movable 
Crossbar of the caliper was placed in light contact with 
the distal tip of the middle finger. 

Biacromtal breadth was measured aa the maxi^ 
mum distance between the right and left acrom^lal pruc- 
e&&es of the scapula. With the subject standing and 
the oboervec standing behlnddiim, the fixed arm of the 
anthropometer was placed at the most lateral point of 
the left acromial process and the movable bar brought 
to the mo&t lateral point of the right acromial pri>ceaa. 
The measurement was made with firm contact, 

Bicristal breadth was mea&ured as the di .-stance 
between the most lateral points of the iiiac crests. 
With the subject standing and the observer standing 
behind him , the crosabars of the upper segment of the 
anthropometer were brought into firm contact with the 
edges of the iliac crests on each &lde. Thia meaaure- 
ment was made with firm pressxtre. 

Chest breadth was measured as the breadth of the 
rib cage under firm pressure^ With the subject stand- 
ing and breathing normally, the fixed croaabar of the 
anthropometer was applied firmly at one side of the 
"rib cage and the movable crossbar was applied firmly 
to the other side at the level of the nipples. The cross- ^ 
bars were angled slightly downward to avoid slipping 




Figurt^li. Schamatic illustration 6f tnthropofnttric dimensions takofTon children aaed 6-11 years In the Health 

Examination Survey^ United States^ 1^63*65., * 




Figure III. Schematic illustration of anthropometjic dimtruionstnken on children aged 6-11 years in the Health 

Examination Survey; United States, 1963-65-Con. 
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into che»6p4ce£> becween the ribs. Ac dll t\met> the rod 
ofxhe anthropometer waa parallel to the floor, ^In older 
girls who had a noticeable degree of breast develop- 
ment, the level of tik Junction of the fourth rib with the 
bternum was ust»i as the measurement landmark. 

Chest depth was measured as the distance or 
depth from the. front to the back of the rib ca^e under 
firm pressure during normal breathing. With the sub- 
j^t in the same position as for the chest breadth meas- 
usefhient and with the observer approaching the child 
from the right side, the fixed'arm of the anthropometer 
was applied firmly to the backof the chest and the mov- 
able arm was applied firmly to the sternum at the level 
of the nipples. At all times the measuring instrument 
was parallel to the floor. In older girls who had a notice- 
able degree of breast development, the level of the Junc- 
tion of the fourth rib with the sternum was used as the 
measurement level, . 

Btcondylar breadth of the femzar measured di> 
the maximum width betwctfn the condyles ofvthe right 
femu". With the aubject standing, trhr^ftAcJ bar of the 
-tprhropomcter waa placed flrml> on the medial condylt 
and the movable bar brought to the lateral condvie with 
firm pressure. 

Upper arm gtrth was mea&ured at the level micf-^, ^ 
way between the acromial and olecranon prucesaea of 
the right arm. l"he midlevel wao located while the sub- 
ject held the forearm at a right angle to the upper arm. 
1 he measurement was* made while the right arm hung 
loosely, ^iih the tape horizontal and in contact with, the 
sktn tiithout deforming the skm contours, i.e.. with- 
out compressing the underlying tissues. Note that this 
measurement was made at the same level as the tri- 
ceps skinfold mearsureitient. * ^ 

Lower arm girth was measured as the maximum 
circumference of the right forearm ]ust below the el- 
bow joint. Ihe girth was measured just below the elbow 
at tUe widest part of the fore^irm while the arm hung 
KHij>el>. The tape waa applied horizontally in t^unUict 
with the sktn xvtthout rlpfnrmm^ the sktn contours. 

Calf girth wa& measured at> the maximum cir- 
cumference oi the right calf at right angles to the long 
axis of the leg. With the subject standing, legs several 
inches apart and weight equally distributed on both 
feet, the girth was measured at the level ^f maximum 
circumference. The tape was placed in contact with the 
sktn without depressing the skin contours. 

Chest girth was measured as the circumference 
of the cheat during normal breathing at the level of the 
fourth intercostal space. With the subject standing as 
for the measurement of chest breadth and depth, the 
steel tape was applied firmly but without depresstng 
the skin. Special care was taken to make certain that 
the tape was horizontal. 

Waist girth was measured as the circumference 
of the waist, abdomen relaxed, at the level midway 
between the lower edge of theribsand the Iliac crests. 
With the subject standing and breathing normally, the 



steel tape was applied firmly but without def^essifig the 
skin. Special car^ was taken to make certain the tape 
^was horizontal. 

Hip girth was measured as the circumference of 
the hips at the level of the greater trochanters (the 
Widest bony part'of the hips). With the child standing, 
feet together, the steel tape was applied firmly to 
compensate for clothing (this girth was measured over 
shorts). Special care*was taken to make certain the 
tape was horizontal. 

Each dimension measured is Schematically illus- 
trated in figure 111. ^ 

t 

Derived Measurements 

Subischtal lejigth was obtained by subtracting sit- 
ting height from j>tanding height. It provide^* an esti- 
mate of the length of the lower extremities. 

Estimated mid'arm muscle circumference wai> 
derived from the upper arm circumference and the tri- 
ceps skinfold, both of which were measured at the same 
level of the arm midway between the acromial and olec- 
ranon processes. The arm in cross sectior^^onsists 
of skin, subcutaneous fat, muscle, and bone. The skin- 
fold measurement Is a double fold of skin and under- 
lying subcutaneous fat. If it is assumed that the upper 
arm ij> a cylinder and the principles of circle geometry 
are applied, the arm circumference can be corrected 
for the thickness of the triceps skinfold, leaving an es- 
timated mid-arm muscle- bone circuoiference or. for 
the sake of j>implicity, estimated naid-arm muscle 
circumference. Thus. 

where EMC ib the estimated mid -arm muj>cle circum- 
ference In cm.. AC is thc-upptr arm circumference in 
cm., and fs the friceps skinfold in cm. Since the 
estimated mid-arm muscle circumference for large 
number^ of children ij» generaJl> calculated via com- 
puter & and skinfold thicknesises are usually measured 
in tnillimetera, the following formula was usei.1; 

EMC {cm)^t\6£l^'^^I!!!!!^ 

Indexes and Ratios 

Ponderal index pri)video an approximation of phy- 
oiquc or K)d> build un a linearity -laterality continuum. 
It wa& obtiiined aa follows: atanJing height in Indies 
divided by the cube tool kA Ixxly weight in pounds 
(height/ ^weight). 

Sitting height/ stature ratio Indicates tha relative 
contribution of sitting height (i.e.. h^d, nt»ri< ^ and 
trunk) to total stature. It was obtained aa follows, fit- 
ting height diviue^^by standing height timet* iUi. Ihis 
ratio is expressed as a percentage. 
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Btacromial breadth^'bicnstal breadUi ratto inJi- 
catea the relatlvt proportion of ohuuIJer width to hip 
width. It waa obtained aa fullosva. biacromial breadth 
divided b> bicrlStal breadth timto lOO, 1h\o ratio io 
expressed as a percentage. . 

.Quality Control and Estimation of Residual 
. ' Measurement Error ^ 

Monitoring Systems 

Despite effort^ to recfuce measurement errors, 
residual errors of a magnitude large enough to war rant 
concern occur with some regularity* in any anthropo- 
metric survey. There is, therefore, a raal a^d urgent 
need to have a system whereby these residual errors 
can be* monitored. The Concept of quality control is 
sed on the desire to^btain end products of a speci- 
fied quality. Thus, one of the main purposes of a 
monitoring system is to indicate whether the meas- 
urement^ produced by a certain measurement proc- 
ess have attained the desired quality. A second major 
purpose is to make possible quantitative 'summary 
descriptions of residual measurement errors to aid 
in the interpretation of survey data. 

Perhaps the most direct monitoring system used 
in the Health Examination .Survey was observation of 
the measurement process as it was being applied to 
an examinee. Medical, dental, and^psychological ad- 
visors from HES and other advisors and consultants 
regularly visited the examination center to observe 
examination procedures and to retrain examiners if 
necessary. A good example of how routine observation 
was used as a monitoring system can be found in the 
taking of body measurements. One-member of the ex- 
amining team, a trained anthropometrist, acted as a 
recorder and aided in positioning of the examinees, 
while he was additionally responsible for observing 
and correcting any errors in measurement technique. 

As a careful and thoughtful quality control pro- 
gram tends to be an evolving procesa. the most ex- 
tensive systematic monitoring of body measurements „ 
performed in any^f the cycles of the Health Exam- 
ination Survey was achieved in Cycle 111 (youths 12-17 
years, data collection' 1966-70). The formal system of 
replicate examinations which was finally instituted in 
Cycle III is described later in this -appendix along with 
. ■ a discussion of its applicability to Cycle H. 

Replicate measurements are useful for a variety* 
of reasons, e.g., as a means of increasing precision 
of individual measurement estimates, as a training 
technique, and as a monitoring system which includes 
the objective of final evaluation of measurement errors. 
These three objectives are compatible, and replicate 



^Tlns scccton is in pjitt based upon ScbaiMc's luciJ nml svsrcnutic 
discus$K)n ©Equality cot\trol atui error estimation in the HES. Series 2. 
Number 44.^' 
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data collected primarily for one of them often Indirectly, 
if not directly, accomplish one or both of the remaining 
two. For this reason replicate data are most often 
Collected with a combination of these objectives in mind. 
The single most important source of replicate data in 
Cycle III was the replicate examination proce<^ure, in 
which approximately 5 percent of the regul^ examinees 
were returned to the examination center for a second 
• complete examination (except for drawing blood and 
taking X-rays), 

« Biases and Controls in Replicate Measurements 

A major source of uncertainty in estimates de- 
rived fro m replicate measurements is inability to make 
the replicate measurement under precisely the same 
conditions and in the same manner as the original 
measurement. This uncertainty is difficult to evaluate, 
and most attempts -to do so are restricted to sub- 
jective statements concerning the direction and/or 
size of the bias and the need for concern in the analysis 
of data. /•^ 

Several policies regarding Cycle III replicate ex- 
aminations were designed i^pecifically to obtain meas- 
urements under the same conditions and in the same 
manner as the initial (oricrinal) exam. Repiicate exr 
aminations werenotconducted at a specific time. "When- 
ever possible, theiy were inters per sed among the regular 
examinationsr^An original examination was given prior- 
ity over a replicate examination in that none would be 
scheduled if it'occupied time needed for a regular ex- 
amination. There was often space to interject replicate 
examinations in the schedule without interfering with 
regular examinations, but this priority, plus the fact 
that replicates were drawn from'those previously ex- 
amined, increased the likelihood that a replicate exam- 
ination would be scheduled toward the endof»hc exami- 
nation period. Nevertheless, the attempt to space rep- 
licate examinations throughout the regular schedule was 
a valuable policy in that the interspacing of replicate and 
original examinations created anatmospheremorecon- 
ducive to both examinations being conducted in essen- 
tially iuc same manner. 

The examiners were informed of the purpose and 
importance, of the reexaminations. It was emphasized 
that they should not vary their procedures on a rep- 
licate examination or in any way try to collect "better" 
data than they would i)ormally. Thereafter J nsmjctions 
on the conduct of replicate examinations were not given 
greater eniphasis than any other instruction because 
overemphasizing Vsameness" might have created jnore 
bias than it would have eliminated. 

At the time of the original examination neit/ier.Jhe 
observer nor the examinee tmew whether or not^the' 
examinee would be returned for a replicate examim- 
\ tion. During the replicate examination^gbservers were 
not specifically informed that an examinee was a rep- 
licate, although no attempt was made to conceal this 
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fact since in an examinadon as lengthy as that given 
in HES the examinee would undoubtedly be remembered 
by several/ if ^not all, examiners. Even though an ex- 
amine^ might be remembered, it was extremely un- 
likely that an examiner would remember a specific 
m^asuremen^ after a time lapse of 2 or 3 weeks. Some^ 
bias might be introduasd_b> the examiner*b knovvledgo 
of the replicate status of an examinee, but generally 
^ this bias would seem quite small when compared to the 
measurement error and in some cases to the biases as- 
sociated with the knowledge and familiarit> gained by the 
ex,aminee during the original examinatio^k. Examinee 
^ymas can be important, especially when a rebponoe is 
^ elicited or when the true value of the measurement has 
changed because of a time lapse. Since the time lapse 
was usually 2 or 3 weeks, some appreciable changers 
might occur in cert^n measurements such as weight. 
However, for most of the data collected, th^ actual 
change over this short period of time can only be very 
smail and this effect may usually be neglected. Pre- 
vious experience is much more likely to affect the true 
repHcability..of psychological tests and those physlo- 
bgic rests requiring high levels of subject participation 
(oUch as the treadmill andspirometry), with procedures 
in which the subject is passive and very little learning 
ift involved, such ab EKC and body measurements, tlie 
effect of previous experience is almost zero. 
^ In Cycle IH replicate data were obtained on ap- 
proximately ^■'O percent of those selected for such 
. examinatiwHo. One explanation for this low rate is that 
per .suasion and followup efforts were not as Intensive 
ab for regular exan>inees. This is partially because 
regular, examinees were given priority if interviewer 
or exatnination time wao limited. There also appeared 
tu\be an increasi^d frequency of objection to returning 
for >a second examination. a.'> ^emonotrated in the most 
frequwit reasons for refusal. "One time is enough" 
and "I can't miss school again.'* 

bt,tecfion of. Rtpllcate Examlnets^. 

The selection of Cycle III ytuths for replicate 
examinations was random within certain restrictions 
imposed by practical considerations. One restriction 
was that replicates were selected only from those 
examined during the first week and a half of th^ ap- 
' proximately 34 weeks of exanflnations at any one lo- 
cation. This time period was chosen to facilitate the 
Interspersing of replicate examinations with origin^^s 
in the examining schedule without interfering with the 
time allotted for original examinations and without 
scheduling additional time to accotnmodate repUr^ites. 
m a voluntary survey it is obviously impuasible to 
follow a statistically random process in scheduling 
'subjepts, so those sched^tled during the first week and 
a half are not, in the strict sense, a random sample 
of all those scheduled, though they may be randomly 
distributed fpr those features which are significant. 



Evidence that replicates -might be considered ' rep- 
resentative" IS found in the fact that youths of certain 
ages, locations, incomes, etc., ^were not routinely 
more likely to be scheduled during any particular 
segment of jhe examination schedule. However, the 
availability and desires .of the subjects do influence 
the composition of th^ ' replicate sample. For in- 
► stance, an examinee whose par^cipation in an original 
examination was achieved only after repeated contacts 
by survey personnel was less W(elj^ have.been in- 
cluded in a replicate examination since it is unlikely 
that he would have received an original examination 
during the first wgek and a half. The schedule of lo- 
cations, time <3f year, sequence of examinations^ and 
other relate^ factors which might make subjects more 
or less readily availably show no gbvlous discrimina- 
tory effect in the selection of replicdte examinees. 
After examining these and other relatively minor con- 
siderations, there appears to be no reason to believe 
that subjects scheduled and examined during the first 
part of a stand differed from those scheduled and ex-' 
amined during the latter portion with respect to the 
data gathered. 

Another restriction on complete randomness in the 
selection of youths for replicate examinations was the 
exclusion of those examinees living somewh^e geo-^ 
graphically inconvenient" to the examination center. 
"Geographically inconvenient" was arbitrarily defined 
as a distance of 30 miles or more although exceptions 
were sometimes allowed if conditions dic^aied. A pri- 
mary consideration In choosing a site for the exami- 
nation ycenter was the centrality of the location in re- ' 
lation to the sample segments (a segment is ^ cluster 
of household^). Since segments were drawn with prob- 
ability proportional to population, most segments were < 
in relatively populated areas, so the examination ^entci 
was also in or adjacent to a relatively populated area. 
Therefore, the subjects deleted by this 30- mile ^'e- 
striction gsually resided in '^relatively less populated 
areas. Thus this icstriction may create a bias in rep- 
licate data if, in fact, characteristics differed with 
population density. Even if differences did exist, the 
to;ai effect ot this restraint '^ould not be great since 
it excluded only approximately 10 percent of the, eli- 
gible examinees. There were other minor restrictions 
of a medical and operational nature imposed on the 
complete randomness of the replicate sample.V.They 
were not, however, readily associated with rarge 
differences since at niost only 1-2 percent of the 
eligible examinees were deleted for these reasons. 

Since the purpose of replicate examinations is to 
give information about errors, the matter of conc^n 
between those excluded and those eligible for seie/tion 
is not possible differences in measurement values but 
possible differences in the errorsassociatedwith meas- 
urements as shown by the discrepancy between two 
measuftmenis un the same subject. For example, meas- 
urements may vary markedly by some demographic 
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classification, but this is not as relevant as ihe question 
of whether or not the measurement errors vary by this 
classification. A* similar differential in ihe active and 
passive participation of subjects (e.g., spirometry 
versus body measurements) is assumed tu ope rate here 
also, but in a different way. That is, it, must be assumed 
that the most cooperative subjects, by and large, self* 
select themselves, and ths^t their scorei> are truer esti- 
mates of -the variable being tested. It is thus hkcly thai 
their lest-retest difference would be smaller. On the 
other hand, although subjects did influence measure- 
ment errors, it should also be noted that the environ- 
ment, procedures, and examiners were also highly in- 
fluential in the final measurement. Consideration of 
these additional influences causes a completely random 
selection of subjects to be of .somewhat less i^oncerrt. 

Th« Analysts of Replicate Data on Body 
Measurements > 

Although d variety of monitoring systems foj" body 
measurements were in effect in HES from the beginning 
of Cycle I, It was not until Cycle III that a formal 
system was instituted of recalling approximately 5 per- - 
cent of the subjects already examined for a replicate 
examination. However, during Cycle II, which is the 
concern of the present report, several 'Mn-field'* at- 
tempts at assessing rephcate body measurements were 
made. These included the following: 



^l) Several formal training sessions were held in 
which the examining technicians performed du- 
plicate sets of measurements on a small group 
of subjects producing data for immediate exam- 
ination of intra- and inter-examiner differ- 
ences. / ^ 

\2) The two Cycle II examining caravans converged 
from the east and west for a measurement 
r stand in jhe Greater Chicagoarea. After sched- 
uled examinations were completed in the normal 



intra- and /inter-examiner variation in body measure- 
ments, i.ey, variation within the same observer and var- 
iation betyween differ^ observers, ^ince the conditions 
under waich the body measurements were made were 
essenttaily identical in Cy^^les II and HI, there is reason 
to believe chat the results of the quantitative assessment 
of replic^e measurements of data collected in Cycie III 
can be eft^ctively applied to Cycle II, In other words, 
should the arWysis indicate a reasonably good degree ot 
accuracy witnin and between examiners in Cycle III, it 
can be safely jissumedthat a similar degree of measure- 
ment acciwrarfj^was Apparent in Cycle II. 

Althottgn theW^hropometry in Cycles II and HI was 
very similar, there were four relatively minor differ- 
ences. First, the children in Cycle II were younger and 
smaller insize. (There is, however, no reasonto assume 
that ihe relative measurement ''error is ^different for 
younger and smaller individuals.) Second, four of the 
human engineering measurements takeAin Cycle Hwe^' 
not mea^red in Cycle III; they were replaced by sev^al 

, segmental length measurements of greater bJ<^logical 
significance and interest. Third,atotalof 1 ^.technicians 
made measurements during Cycle in,J>C(l in Cycle I!, 
the same four technicians participated^'in equal degrees 
throughout the entire cycle. Fourth, a more elaborate, 
systematic collection of replicate data with greater 
jriumbers of subjects was utilized in Cycle III. Other 
factors— the instruments and their calibrationr tech- 
niques of measurement, methods of training, selection 
of technicians, exam inajt ion environm'ent, and the chief 
medical examiner and Ihe physical anthropologic con- 
sultant—were the same. It should be naed further that 
two of the four technicians who participated in C> cL 
II of the ilLS continueQ for several years into Cycle III. 
■ In summary, the only significant differences in quality 

.control consideration^ for body mc^asurements between 
Cycles 11 and III Were the addition of the systematic 
collection of replicate data apd the use of a greatef 
number of te^nniciajis in Cycle III. The authors have 



manner, one of the caravans (Caravan I> re--^ concluded ^hat these Cwo differences approximately 



examined ^for our purposes, remeasured) ap 
proximately 50 children who had been Initially 
examined by the staff of the other caravan 
(Caravan II), and vice versa. This operation 
permitted the technicians an "In-field" exam- 
ination and discussionof the replicate measure* 
ments. 

(3) Finally, a total uf fiv.. intensive 2 -Jay oCsolon© 
were conducted by tht suptrvlbtiro In the ficjO ^ 
exrfhilnation centers. -LI 



No formal, detailed analysis of the data in the statistical 
sense was carried out, primarily because the above at- 
tempts were more training i(iian evaluation sessions. 

In Cycle 111, on the aherh^i^d, a systematic attempt 
at analysis of replicate body mei^surements was made. 
'.A' total of 301 renlicate examinations from Cycle III 
were collected and subjected to an extensive analysis of 



counterbalance one another, resulting in equivalent de- 
grees^f^ rTeasurement variailon^^^^^^ 

Cyc^% III Systematic R«plicpt«^roc«dor« 

-^4 / Body measurements were taken on6,768 youths and 
J-^thee* data comprise the HES findings. Replicate body 
j^tmeiBji'rements were obtained on 301 youths at 30 of the 
40 locations (or stands) visited thrcxjghout the United 
States. That is, an average of 10 youths were reexamined^ 
at each stand. Of the 301 youths, 224 were^eexanrined 
by a technician other than, the one initially meash^ng 
the youth, while the remaining 77 w^r^ feexaminecT by 
the same technician. Altogether during the 4 years, 11 
technicians participated in replicate measurements for 
this phase of the quality control program. 

It is of interest toascertainwhethereachof the ex- 
aminers had a representative number of replicate meas- 
urement Sessions With respect tothe number of examina- 
^\ 
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Table I. Percentage of regular and replicate examinations performed by each technician 



Technician nuxziber 
* 

_______ 


Percentage of regular 
Cycle IXX examinations 

% 


Replicate examinations 


Percentage of intra* 
examinations 


" Percentage of ,^ater" 
e xa mi n a* t ion?^'^ 


1 


0.8* 


1.3 


0.9 


2 


13.4 


2.7 ^ 


10.2 


3 


22.8 


21.3 


21.4 


4 


6.1 


' , 4.0 


2.7 


5 


13.5 


10.7 


16.7 


6 


6.1 


5.3. 


6.5 


7 


3.7 


5.3 


4.9 


8 


15.1 


24.0 


16.4 


9 . 


11.3 


16.0 


13.3 


10 . 


^3.0 


2.7 


3.6 


11 


4.1 


6.7 


^3.6 



tions he perfufmed during the survey. It should be care- 
fully noted' that it was not possible to insure that each 
technician Jiad equal chances to measure replicate ex- 
aminees Since the length of time technicans were associ- 
ated with the survey team varied. Table I presents the 
percentages of total examinations, intra -examiner 
replicates, and inter-examiner replicStes participated 
in by each of the 11 technicians. 

Table I clearly indicates some possible sources 
of bias which may .affeci the analysis of replicate 
data. For example, assume technician No. 9 v/as 
able to replicate his own measurements well but his 
Aeadings were very different from the other examiners. 
Obviously, his results would be overrepresented in the 
replicate analysis since he examined only 11.3 percent of 
alLyouths in the actual survey but did 16 percent of the 
intxa-examiner replicate examinations andl3.3percent 
of the inier-examiner replicate examinations. Because 
of this technician's over representation, the distribution 
of intra-examiner differences would cluster closer to 
zero than it really should have since this examiner self- 
replicated well. On the other hand, the inter -examiner 
distribution of differences would be considerably mbre 
skewed than it should have been since this technician 
did not agree well wiPh the other technicians' measure- 
ments. Similar disCrepaneies are obvious for other 
technic 14ns, An example of an opj^psite effect to that 
cited above is technician No. 2, who did onl^ 2.7 percent 
of the intra-exapincr replicate measurements a^nd 10.2 
percent of the inter -examiner replicate measurements, 
but die) 13.4 pcrecht of all examinations m C>l1c 111. 

Thus, the various combinations of observers for the 
inici -examiner feplieatesand the proportions ofinira- 
examincr replicates were not cont lulled so as to be 
balanced among the observers. In tht survey proper the 
examinations were similarly not prupurtiooately dis- 
tributed among the observers, since ihe length of time 



NOTE. The list of references follows tin text 



the various technicidns were associated' With the survey 
varied. 

The foregoing indicates that the disitr4bution of 
numbers of replicate examinations done by each tech- 
nician iS not the same as the distribution of the total num> 
ber of survey* examinations done by each in Cycle III, 
This represen?^)ne of the inherent problems (ST the pres- 
ent re\)licate data and limits to some extent impl^djtions 
to the survey as a whole. Nevertheless, the *reader 
should be '^ware fcf the many problems confronting those 
who conduct large-scale health surveys, and in this 
context, the present systematic approach to the col- 
lection of replicate body measurement data is adequate, 

I 

Results of the Replicate Analysis 

The absolute differences t)etween the first and sec- 
ond measurements of the same child were computed for 
each dimension measured during Cycle III. Thar pres- 
ent analysis concerns itself with all body nieasux^ment^ 
except skinfold thicknesses, which have been reported 
separately with the results of the analysis of skinfold 
data.*"* 

A distribution of al)solute differences was com- 
piled for each body mcas^jrement for the intra- and 
intcr-examiner groups parately. The medianandmode 
for each body measurement were extracted from the dis- 
tribution of absolute differences. The mean absolute 
difference (Xj) >4'as computed by summing the differ- 
ences and dividing by either 77 or 224, depending on 
\\hich group unira- and intef-examj^cr, respectively) 
was being considered, 

A widely used measure of replicability is the statis- 
tic 0,, the "technical error of measurement." It isde- 
fined as 0^ =y/ Id^jin , the square root of the sum of the 
squared differencCc* of replicates divided by twieCth^ 
number of pairs. I his statistic assumes that the dis- 
tribution of replicate differences is normal and that 
errors of all pairs can be pooled. 

Since squaring a tcclinical error of nlcasurcment 
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yields a variance, and since ihe ratio of two variances 
has the F distribution, a very simple, test exijBts for 
comparing intra- and Inter -examiner reph(:ability. In 
uble I! thds^al column gives, for each variable, the^ 
ratio (I.e., the ratio of the squares of the inter-ex-^ 
ahviner a. to the intra-examiner o, ). As will be noted 
later, m three instances the vaxiance for the intra -ex- 
aminer group was larger and in these cases the ratios 
were reversed. A significant F statistic indicates the 
presence of a "technician-effect" or some characteris- 
tic which makes a particular measurement more easily 
replicated by the same technician than by another. 

The coeffic lent of variation (C V), ^o^X , the technical 
error of measurement divided by the overall mean (the 
mean of all subjects) for the particular variable under 
study, was also calculated.. The coefficient of variation 
IS a m&asulre of relative variability, i.e., variation in 

Table XI. Results of tr.tr«-ex«atner 



replicability relative to the overall magnitude of the 
measure. 

In the context *of the present analysis, great c^^e 
must be used in dealing with this statistic. It is not a 
coefficient of variation in the traditional sense since 
the .numerator contains a measure of dispersion of 
differences ^between replicates) whereas the denom- 
inator contains a mean — noi a mean difference but a 
mean magnitude of the measurement taken. 

The value of this statistic lies in its adjustment of 
the technical error by the magnitude of the original 
measurement. It attempts to answer the argument that 
replicability is likely to be much better for a variable 
of small magnitude than for one of great magnitude. As 
will be expanded later, dividing b> the mean measure 
ment may overadjust for such biases. 

In the presentation of results of the replicate ob- 

and inter-exioiner replicate analysis 



Measuring device and 
dimension measured 



Intra-exaiainet results 



Median 



Mode 



CV 



Intsr-exAioinex^ results 



Median 



Mode 



CV 



F 
value 



Automated recqrdins 

Height - - 

Weight 

Anthroponeter— height measurement 
Standing 

Cervical e height — 

Acromial height-- 

Radial height 

Styllon height • 

Iliac crest height 

Trochanteric height——-- — 

Tibial height 

Sphyrion height 7— -——-r* — 

Sitting 1* 

Sitting height ^— ^ 

Thigh cl««f«nc*— * — — — 

AifCTTropnseter —length and breadth 
measuryicent 
Foot messureacnts 

Foot length- — — — — — — — - 

Foot breadth 

Across bony landmarks on torso 

Biacromlal breadth 

Bicrlstal b*««dtK i — — 

Bltroch«nteric breadth— — 
Across torso 

Seat briudth • — 

Elbow-e37ow breadth—————— 

Sliding caliper * • . 

Kn^e breadth-—-- — .-/CT 

Elbow breadth-— ——-I-—— — — 
^ Ankle breadth--— ——— 

Wriat breadth *^ 

spreading caliper k 

Blzygcmatlc breadth-- — 

Bigortial breadth *-\ 

Steel tape 
Torso girths 

Chatt girth——- — 

Waist girth- 

^ / Hip Rljth -<^-*- 

E)<tTmlty circuinfctence 

^Upper^^arm ginth • 

Forearm girth---- — 

i Calf girth — 

^ NOTE: For definition of symbols, see above. 



0.549 
1.325 



0.714 
0.752 
0.890 

1.114 

0.700 
1.413 
0.613 
0.266 

0.578 
0.495 



0.23ft 
0.138 



0.553 

0.775 
0.552 

0.610 
1.104 



0.112 
0.105 
0.097 
0.108 



0.075 
0.14.7 



1.297 
1.470 
1.168 

0.339 
0.319 
0.491 



0.5 
1.0 



0.6 
0.6 
0..7 

0.7 

0.6 
1.0 

0.5 

' 0.2 

0.4 
0.4 



0.2 
0.1 



0.4 

0.6 
0.4 

0.4 
O.S 



0.1 
0.1 
0.1 
0.1 



oa 

sO.l 



1.1 

1.2 
0.9 

I 

0.3 
0.2 
0.3 



I 



0.1 
1.0 



0.1 
0.2 
0.1 

0.1 

0.3 
0.6 
0.1 
0.1 

0.2 
0.2 



0.1 
0.1 

0.1 
0.1 



0.3 
0.8 



0.1 
0.1 
0.1 
0.1 



0.0 

OA 



0.494 
1.173 



0.692 
0.795 
1.063 

1.424 

0.646 
1.466 
0.565' 
0.J47 



0.302 
2. 119 



0.500 
0.601 
1.044 

1.819 

0.644 
1.672 
1.229 
3.815 



0.535 t0*631 
0.439 2.853 



0.264 
0.122 



0.544 

0.711 
0.523 

0.921 
1.131 



0.106 
0.117 
0.092 
0.115 



0.076 
0.166 



0.8 

0.1 > 
• 0.2 
0.2 



1.096 
1.308 

^•^^ 

0.347 
0.304 
0.872 



1*087 
1.329 

1.529 

2.926 
1.778 

2.835 
3.415 



1.165 
1.799 
1.367 
2.208 



0.589 
1.575 



1.362 
1.927 
1.'398 

1.3^58 
1.281 
2.588 



0.563^ 
1.335 



1.054 
0.875 
0.^16 

1.032 

1.134 
1.600 
0.769 
0.380 

0.767 
0.595 



0.296 
0.226 



.0.807 

1.590 
1.760 

0.909 
ly«5 

0.183 
0.152 
0.186 
0.150 



0.158 
0»295 



1.970 
1.621 
1.514 

0.458 
0.404 
0.353 



0.4 



0.9 

0.75 

0.7 

0.8 

0.9 
1.3 
0.6 
0.3 

0.7 
0.5 



0.2 
0.2 



0.5 

1.1 
0.5 

0.7 
1.2 



0.1 
0.2 



0. 



0.1 
0.2 



1.6 
1.3 
1.3 

0.4 
0.3 
0.3 



Orl 
1.0 



0.5 
0.1 
0.2 
(0.1 
{0.5 

0.3 
0.1 
0.3 
O.l 

0.2 
. 0.2 



0.2 
0.1 



0.1 
0.1 
0.1 

0.8 
0.3 



•^0.1 
0.1 
0.1 
0*1 



0.1 
t)i2 



0.6 
0.6 
1.7 
* 

0.3 
0.2 

0,2 



0.681 
1.228 



0.953 
0.891 
0.949 

1.010 

1.059 
1.510 
0.719 
0.343 

0.705 
0,544 



0.524 
0.2-^2 



0.915 
1.545 
0.836 

0.993 
1.346 



0.244 
;0.154 
'0.171 

0.139 



0.162 
0.272 



1.816 
1.561 
1.375 

0.'425 
0.582 
0.340 



0.417 
2.218 



0.689 
0.673 
0.932 

1.290 

1.055 
1-722 
0.564 
5.298 

0.832 
3.535 



2.158 
2.200 



2.571 
6.358 
'2.843 

3.057 
4.065 



2.683 
2.368 
2.540 
2.y669 

1.255 
2.746 



2.256 
2.300 
1.558 

1.664 
2.453 
1.009 



1.90 
1.10 



1<90 
1.26 
1.25 

1.99 

2.69 
1.06 
1.62 
1.93 

1.74 
1.54 



,94 
,74 



2.54 
4.72 
2.56 

1.16 
1.42 



$.30 
1.73 
3*45 
1.46 



4.54 
3.04 



2.75 
1.42 
1.24 

1.50 
3.67 
6.58 
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servation analysis, data were grouped according to the 
measuring instrumeni used in ordelr lo facilitate com- 
parison since there is the possibility cha^ differences 
^between or within certain Examiners might be peculiar 
*lo Che partictjiar measuring device used. First, height 
and weight were treated as a single group because they 
were machine- recorded. 'Note, however, that height 
measuremfenc can be affected by variations in position- 
ing. The second group was cotnpris?*d of various height 
measurements which include the distance from the 
standing br sitting surface to the specific landmark. In 
most instances, the anthropomtter was used to its 
full extent; nevenheless, as the landmarks approached 
the leg and ankle, the measuring distance was shorter. 
The third group of measurements included those made 
' with the upper portion of iheanthropoyr.erer. These meaf^- 
urements were made with the fixed arm of the anthro- 
pomerer at one landmark while the free end was moved 
to the other landmark, which defined the measurement. 
This grou^ included two foot measurements, three bony 
breadth measurements across the torso which required 
firm pressure, human engineering measurements which 
required light surface contact of th^anthropometer. The 
fourth group included those made'Vith 9 /^mall sliding, 
caliper. As a group these measurements represent the 
distance across a single bone^or two bones at specific 
extremity joints. Compared to the height measurements 
mentioned above, the distance traversed by these mea&-^ 
urements is rather small. The fifth group\coniprised 
only two facial breadths made with a spreading caliper. 
The sixth group consisted of measurements made wittf 
a feteel tape and inoluded six circumferences, three on 
^the torso and three on the extremities. 

Clearly 'body weight differs^ from all other values 



while all others were measured to the iw^rest tenth ol 
a centimeter, i.e., the nearest millimeter. Body weight 
is the only variable in which fhe|*e is no chance of 
either intra- or inter-observfer error. All weights 
were taken on a Toledo self balancing scale which 
mechanically printed the child's weight directly onto 
the perm'anent record. It was not even important that 
the technician ppeiticn the examinee rigidly, which was 
a significant factor in other measurements, for example, 
height. Any variafiility evident in replicate readings 
would thus be due to a gain or loss of b8dy weight by 
the subject , between" exaiaination sessions. Note that 
the F ratio for body v^eight wa"s not significant, thus 
underlining the lack of technician effect in obtaining 
this measurement. " v . 

There were a total of 77 intra -examiner repli- 
cations, i.e.," the same technician re-examiningthe sub- 
ject on two different occasions, and 224 inter-examiner 
replications, i.e., two different tectonic ians doing the 
initial examination and replicate examination respec- 
tiyely, performed during Cycle 111. Inn a -examiner and 
inter -exan^iner results are presented separately in 



table II, ^d all. analyses vcere done within the group 
,^nder considejcatlon, ' . ^ 

T^ng the data in table lias a whole, the technical 
errpjMTneasurement was, with three exceptions, con- 
siste^i^ less withiii examiners than between examiners^ 
This was not entirely unexpected, for experjj^ce in- 
dicated greater intra-examiner consistency, i.e., there 
was greater consist ency^^jtlHrt-tliesame technician than 
^ between di^erenueeirfjjcians. The three exceptions were 
radial hefgfit7 sty lion height, and calf circumference. 
Since each value was squared in c"alculating the cech- 
nical error of measurement, this statistic canbegreatly 
distorted by one ortwohighly(jivergent replicate values. 
That seems to be the case with these three divergent 
values. . ' , 

Results of the variance ahalyses indicated that-25 
' of 31 F ratios were significant at tlje..05 level (or" 
conversely, only 6 of 31 F ratios were not significant 
at the .05 le^el). Thus, in 25 measurements, intra-ex- 
aminer differences weri? significantly smaller than 
inter-examiner differences. On the surface, such a 
tendency in the i^'^sults might appear discouraging. How- 
ever, sucb a tendency might function to eliminate or 
reduce systematic bias in ferge-scale surveys -by elim- 
' inating or reducing the effects of individual idio- 
syncrasies (biases)' of individual examiners. 
" * >5C measurentVnts, the mean differ- 

eifces for intra-examiner obsfervaUons were less than 
those for inter- examiner observations. These r.esults 
were in the same general *di}::^ction as those reported 
above for the technical error ofineasurement. The two 
measurements in which intra-examiner mean differ- 
ences were the greater of the two'^^re stylion height 
_ and calf circumference, both of which, as indicated 
ve, had discrepant replicate readings which func- 



here since it w^s measured to the nearest half pound, Jtbo' 

>r tioned to inflate the intra-examiner mean differences. 



•The median represents the midpoint of the distri- 
bution, i,e,, 50 percent of the cases in the distribution 
are above and 50 percent are below this point. As such, 
it is not affected by the extremes of isolated discrepant 
values, as is the tecjmical error of measurement. An 
examination of thp/fneolah differences between re pilir 
Late readings on an intra- and inter-examiner basis 
indicated eight instances in which the median differ- 
ences between replicate measurements were identical 
within and between examiners. In 22 instances, median 
differences were less within examiners than between 
examiners, while in one instance the median differe^ice 
was less between examiners than within examiners. In 
this last mentionedcase,thedifference between medians, 
was only 0, 1 cm. Thus, these observations are in general 
agreement with those indicated by comparison of o 

and X. , 
<f 

The magnitude of the differencesj between medians 
of replicate readings within and between examiners was 
only 0,1 cm, for 13. measurements, 0,15 cm,^r One 
measurement, 0.3 cm. for five measurements, 0.4 cm. 



for^two measurements, and 0.5 cm, for two measure- 
ments' Incorporating the eight measuremeiits in which 
median difference^ for replicate readings we re identical 
^^^thin and betweenexaminers with the above distribution 
indicated, that in 22 of the 31 measurements the differ- 
ence in median differences of jreplicate readings within 
and between exaniiners was.0»l5 cm. or less.JTi'is.ifH 
dicates a reasonable degree of consistency in the rep-' 
licat^e measurements. It does not ,^iiowever, consider 
the magnitude ,6i the actual differences between repli- 
Gate reading^ by the same observer ^and by different 
observers*. ' • .* 

Before going into a discussion of specific groups of ^ 
mcaaurements^ the limitations of the technical error of^ 
measurement and the coefficient of variation should . 
agam^.be noted. As indicateii ?:arlier, the a, is gen- 
erally an important 'and revealing statistic. By itseif, 
however, it can be somewhat Ti\isreading at times. Con' 
sider, for example^ the variables of standing height and 
knee breadth in table II for the intrA- examiner group of 
d^ta. Just considering would lead one to believe that 
knee breadfh is a mach better replicated measurement 
than isf standing height sinpe the variation for knee 
breadth is markedly* smaller. It Should be carefully 
noted, however, that the magnitude of standing height is ' 
far greater th^n that of knee -breadth^ and the fttargin of 
error is.faf greater for the greater^easurement. To 
adjust for this factor* the co^fJicienj of variation ipjX)'^ 
can be used. Examination of {he coefficients of ^vaL l^ 
ation for these two variables indicates that,^nding 
height is.more closely duplicated by the ;9anie examiner 
than is knee breadth. ^ - * 

On the other hand, coefficients of varia'tioirmust b6 
used with great cautioni^o divide for standing height" 
by the entire mean for standing height is a bit drastic; , 

- For example,^ if an individual is 172 cm. tall, repeated 
measurements cannot vary by the whole 172 cni» Cven 
if a technician 'makes a markedly discrepant replTcatt 
measurement of 10 cm., for example, this represents 

^ only 5.8 percent of the total height measure ment,f)n the 
other hand, an error of 1.0 cm. for ktiee, breadth,* which 
for^he^sake of example is assumed to be 12»0 cm., rep 
reseiiio ^.Z percent of the measurement. \Yhat4s being 
suggested here is that there is noway errors of suffi-^ 
cientjyla'rge magnitude can be ^nade f9r large m^sure- 

^^ents (of the order, say, of 170 cm. for height). ThuS, ' 
to divide o\ by the full mean for ^he particular meas- 
urement distorts the reality of tl\e situation* This is why 
It is best to Compare coefficients of variation within 
variabfes nie,asured by iht/4ame instruitient and within 
variables of about equal magnitudes. > 

^ Rcoults of the repffciite analysis for Specific meas- 
urements and/or groups of pieasurements are/iowcon 
didered. As not^dearlier,thedataweregroupedaccord' 
Ing^to measurement instrument. used. 

Although body weight bhowed some variation within 
and between dbscnrvers, the F ratio was not significant, 
indicating that all "observers did comparable Jobs in 



measuring this variable. It should be Rioted, liow ever, 
iha't there was no chance for individual idios^^ncrdsles 
uf a given observer to affect the body weight measirre- 
mcnt. All »eij;tu&wfcie taken on a Toledo* self -balancing 
Swale which mechanically printed the weight directly 
unto tht child's permanent record. Henc^e the\ariation 
between observation sessions is due to*the weight gain 
or lohS Occurring during the timd lapse'. Mean diffecr 
en^cb ioi body weight within and between examiners are 
«:well wiihin the rangeof variation associated with dfurnal 
changes in bpdy weight. , " 

As a group, rneasurements made with the sliding 
caliper had a hi^h dcgre^'of replica bijity. This category 
included tsvQ measurements across single bones, i.e.. 
Knee br^sadtli across the condyles of the femur and elbow 
b"rc«tJil» acrosa ihc epiconQyles^of the hu-merus; and two 
measurements across two bones, i.e., ankle^ breadth 
across titc distal aspects of the tibia and fibula and 
^xi^t br(^adth across the distal aspects of the radius, 
and ulna. As^ a group the mean, median, and modal 
differences for ehe four extremity _,breadth measure- 
mr-ms.^ "^ere oUie lowest relative ,tp o'ther variables 
measured during Cycle HI. The technical errors of 
measurement were ^Iso lowest, indicating that these 
four tneasurements were quite accurately replicated. 
For example, .^these mea^r^ments averaged about 0.1 
^m. differ entie for intra- examiner replications and about 
O.IC ciTT. for mteJs-observer replications* Comparing*lhe" 
.average differences for these four extremity breadth 
measurements to values for other body measurernentV 
in table llcleaily indicates that. precision was greater 
in these than in any other group of measurements con* 
sidered in this report^ 

Attempting to^ompare coefficienjs of variation of 
ihwbt measurements with any others is misleading, as 
discussed earlier. Thus,' the coefficient of yafiation 
statis^i^ should.be u^ed „only within Hh^ groups of 
measurements considered,. For \ntra- examiner dif-' 
.ferences, knee breadth* was best replicated, followedb^ 
ankle, ejbow, and wrist b''f"3dths. Fot Inter -examiner 
.difference?, elbow breadth had the smallest coefficient 
of va/iation, followed by ankle, w^ist, and knee breadths. 
TpsUn^'at the .05 level, uicrx actios indicated that ih all 
iRstdpces ijnua-examiner differenced sve re significantly 
smaller than inter -examiner differences. 

The two measurements made with the spreading 
caliper, bizyjgomatic breadth and bigonial breadth, were 
likewise wejll replicated. The mean, tn^dian^ and modal 
differenced for these two facial breadth measurements 
wcie of approximately (he same magnitude as those for 
^he extremity breadth measurenieqts^ In fact, blzygo- 
. malic, breadth hst^* the smallest intra -examiner dif- 
ference of all measMrementB considie red, an 5ivexag8 dif- 
ference of 0.0 j5 cm. and ' of 0.076. On an intra - and 
inter- examiner baai% bizygomatib breadth had a 
smaller coefficient of variation than bigontal breadth. 
Fh^ greater Variability in replicating the fatter might 
be iviated.to variations in pressure in applying the 
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sprtading caliper (slight variations producing an error 
of 0.1 crn.) artd to variations ir) palpating the m&dsuring 
landmark, the gonial angles of tljc mandible» Fxperience 
indicates that some observers allow the calipers to 
•*slip" off the landmark. Similarly, if a child t.e1ises his 
lo rr jaw, this also alters^^rf>^ measurement to some 
extent. In contrast to thp measurement of bigohial. 
breadth, bizygomatic breamh is a ma-ximum measure-j 
mem, in whicfi technician moves the spreading 
calipers until he notes th/ maximum reading, Fn|: both 
facial breadth measur^ents, the intra-examiner dif- 
ferences were significantly smaller tiban the inter-ex- 
ami UT differences at th^,05 level^^JS- 

The group of dimensions measured witl^ the upper 
segment of the anthropometer included two foot meas- 
urements (length 'and breadth), three bony breadth 
measurements (biacromial, bicristal, and bitrochan- 
teric breadths), and two human engineering breadth 
mcasuremen^ft—^^lbow- elbow and seat breadths). In 
making these measurements, the fixed arm of the an- 
thropometer is set at one landmark, while tfte free 
arm is mo\ed to the other landmark defining the par- - 
ticula'r measurement. 

The two foot' dimensions showed a high degree of 
replicability,* Mean, median, and modal differences for 
foot breaddi"* were Jess than or equal, to those for foot 
length and w^re of the same magnitude as those for 
measurements made with the spreading and slicing 
calipers. This might be a function of xhe overall size* 
of the dimensions being measured. The technical errprs 
of measurement for both foot dimensions' were smaller 
within than between examiners, and j^e intra^exaipinei 
differences were significantly srp^ller than the int'er- 
e:{anTih^r differences. The twp'foot measurements had 
cona|stently smaller technical errors of measurement 
and c^fficients of variation than the other measure- 
ments ihade with the upper segment of the anthropom- 
eter. 

The bony breadth measurements across^ the 
shoulders. (bi)icromial breadth) and across the hips 
(bi(;ristal and bit rochant eric breadths) also appealed to 
be Reasonably well replicable measurements, Bia- 
cromial breadth and bitroch^rtteric breadth had es- 
sentiall)' identical mean differ^ces in the intra-ex- 
aminercobparisons— p,553afldt),552cm„ respectively, 
Bicfistal breadth, on the other liand, had a larger aver- 
age error in the intra-examiner comparisons, 0,775 cm. 
On ^n inter -examiner basis," biacromialVbreadthhadthe 
smallest average difference cmJ), while bitro* 

c^pteric breadth had the largest (1,760 cm,), with bi- . 
cristal breadth very similar to it (i,590 cm,). These 
avera^ differences are misleading and are Mrhaps 
influenced by extreme readings, Median'differe^ies in 
the inter- examiner comparisoris are identical for both 
biacromial and bitrochanteric breadths (0,^ cm,), while 
that for bicristal breadth is much' greater.(l,l cm,). All 
mean, Mjedian, and modal differences, as well as the 
technical errors of measurement for the three bony 



breadth measurements, were smaller for intra^ex- 
arhi^er comparisons than for mter-exammer comparl- ^ 
sons,. The intra-examine^ ^^fferenceswerealsoslgnlfi- . 
cantly smaller than .the inter- examiner differences. 
Within this group of three Sony breadth measuremSt^ts, 
biacromial breadth had the least relative variation, 
as indicated by the lower coefficients of variation on * 
both an intra- and inter-examinerb^sis, Bitrochanteric 
breadth was close to biacromial breadth but largeiMn 
relative variation inboth intra*andifiter-examlner com- 
parisons, Bicristal breadth had the largest coefficients, 
of variation. The relative variability for^the Inter-ex-^ 
aminer rtxplicates was more than twice that noted for 
the intr^pkaminer replicates, indicating that different 
observer^ had difficulty in replicating this measure- 
ment with accuracy. These observations might be related ^\^ 
to the nature and location of the boriy landmarks involved 
in making these three njeasurements. The acromial 
processes are relatively close to the surface and easily 
located, Thfe same applies in gerf^Ttothe greater tro- 
chanters of the femur. The iliac crests, though rather 
easil)ddentified, a re perhaps difficult to accurately rep- 
licate because of thei^ irreigulaf shape. Contributing 
\o th^ overall variation in bony breadth measurements 
is the need for firm pressure in applying the arms of 
the anthropometer to the bpny landmarks, Any Inad vert- 
6ot alteration of pressure applied can increase the error 
of measurement, ' - . ^ 

The two human engineering breadth measurements, 
elbow -elbow and^ seat breadths, appeared to be only 
moderately replicable when compared to other measure- 
ments made with the upper se^ment^s> of the anthropom- 
eter. Of the two measurements, elbow-elbow breadth 
h^i|idrger mean, median, and modal differences^ well 
aWarger technical errors of measurement in both the 
intra- and Inter- examiner comparisons than did seat 
breadth, Elbow-elboW breadth also had a la rger ^©ef- 
ficient of variation than seat br5&dth» All statistics were 
smaller for the intra*examiner replications than for the 
inter- examiner replications. These two breadth meas- 
urements also had the lowest ratios, the ratio fojt 
seat breadth being insignificant and that for elbow-elbow 
breadth barely significant at the ,05 level, which would 
seem to suggest that in bothmeagurements the individual 
idiosyncrasies of specific exam'iners had small effects. 
This interpretation is offset, however , by the fact that 
the magnitude of the differences between replicate 
readings in both the intra- and inter-examiner com- 
parisons was rather large. This is perhaps a function 
of the specific measurements, since both require only 
light surface contact (the slightest pressure might dis- 
tort replicate readings;. Also, in measuring elbow- 
elbow breadth ra^^r rigid positioning Is required, and 
inadvertent alterations in positioning by the subject 
from one measurerfipnt session to the next might affect 
the replicate readings. 

The six circumference measurements taken in 
Cycle III can be divided into those made on the torso 
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and those made on the extremities. The three torso 
ginhs— chest, waist, and hip-^ths— ar<r essentially 
human engineer4ng*-typfc mcasurcmcints, and the repli- 
cate analysis is similar to that noted forthe^two human 
eiij^ineering breadth measurements above. Chest, waist, 
and hipl girths appeared only moderately repli cable. 
Festin/at the.OSlevel, the -Ftatiob indicated nu signifi- 
cant cmferences for hip girth, jutot barely significant dif- 
ferences fur waist girth v-P'-i. 42), and bignificant dif- 
ferences for chesf ginh \^F- 2,15} bet\\een intra- and 
inter-examiper. repkcaifcto, Thebc observations suggest 
that in such giQh measurements individual idiosyn- 
crasies of specific examiners had small effects. This 
interpretation is offset, however, by the magnitude of 
the differences between replicate exanwSiations in both 
the intra- and inter- examiner comparisons, which were 
among the largest for the entire series of 31 measure - , 
ments. Clearly, tht same observer as wejl as differeD|j. 
obse rv c r& had difficulty xcplic^ung these th r ee c i Jt 5 i 



cumference measurements. 

ilie three extremity circumferenceb hadconside^ 
-ably smaller average differences between replicate 
readings, both within and between examiners, than did 
the three torso circumferences. This is perhaps a func- 
tion of the magnitude of the, circumferences measured. 
All buccal! circumference appeared to be highly rep- 
licable measurements. Mean, median, and modal dif- 
ferences as well as the technical errors of measure- 
ment were slightly smaller for the intra- examiner than 
for the inter-exammer analysis. Observations for calf 
circumference were in the opposite direction, the aver- 
age difference and the technical erroi of measurement 
were larger^ fox the intra -e^^miner jhan for the inter - 
examiner analysis. However, the median and modal dif- 
ferences were identical on an intra- and intpr- examiner 
basis. The effects of two or three discrepant replicate 
readings were responsible for inflating tbe intra -Exam- 
iner mean difference value and the technical error of 
measurement. This is contrary to general measure- 
ment experience, for calf circumference is generally 
a highly replicable measurement. The present obser- 
vations are probably a chance occurrence. 

Although standing height was grouped with body 
weight on the basis of the automated measuring pro- 
cedures used, the replicate observations for height will 
be considered here witit other height measurements. Of 
all the height measurements, including standing height, 
sitting height, and segmental height measurements, it 
appeared that, bolh within and between examiners, 
standing height was best replicated. While sphyrion 
height and thigh clearance (really height above the sit- 
ting surface; had smaller technical errors of measure- 
, ment, this can be attributed to the smaller margin of 
error in taking the measurement, Problems*encountered 
in radial and sty liot) heights have been discussed earlier. 
In these twomeasurements, the technical error of meas- 
urement was larger for the intra-examiner replicates 
than for the inter-examiner replicates. This was en- 



tirely a function, of one or two discrepant replicate 
readings, which distorted' the technical error of meas- 
urement. Median differences between intra- and inter- 
examiner replicates were negligible for radial and 
stylion heights, , 

Examination of the -F. ratios for the various height 
measurements indicated that for all measurements ex- 
cept acromial height, radial height, and trochanteric 
height, there were significantly larger differences when 
two different observers made the measuretnents than 
when a single one did them. It should be noted in table 
II that the three height measurements for which the F 
ratio was not significant had among the largest mean 
differences both within and between, examiner^. For ex- 
ample, trochanteric height, which had the sm»illes(-F 
ratio ^F- 106>, had the largest mean differences on 
both intra-examiner replicates (1.413 cm.) and intar- 
examiner replicates (1.600 cm,>. These ♦observations 
^pethaps-44;pcnd-oMhe^easuirements involvedandfac^ 
tors affecting the taking of t^ese measurements. In ad- 
dition to the location of landmarks, acromial and radial 
height are greatly affected by slight changes in the pos- 
ture and attitude of the subjects^ while in the, case of 
trochanteric height, location of th^ trochanteric land- 
mark can be difficult in individuals with a lot of soft 
tissue over this area. 

Discussiorv and Summary of Roplicato Analysts 

The preceding discussion of results of the repli- 
cate analysis of Cycle III body measurements was not 
aimed at determining which measuremerfts were easiest 
or most difficult to perform but at evaluating the use of 
single and multiple examiners in a'larg^-scale survey. 
Reports of large-scale surveys generally 'do rtot Include 
discussions of replicate analyses of multiple exam- 
iner effects. One general impression derived from'the 
analysib of the present data is that there is an obvious 
need to publish repHcate stildiesin anthropbnfetric sur* 
veys. This would insure ^better coniparabllity of sur* 
veys and would aid in establishing tolerance limits for 
various body dimensions, . , 

It tohuuld be emphaoi^ed that many of the measure- 
ments compribing the Cyife 111.^12-1*' years) replicate 
analyi>ib were taken in Cycla II (6-II years/, lor ex- 
ample, six of the dimepbionb utilized in thib report of 
Cycle II ddla and 11 of the 21 dimensionb debcribed in 
the previoub report (Series 11/No, 123) are included 
among the measurementb discussed in the replicate 
analybib. Hence, of the 31 measurements used in the 
replicate analybis, 17 were also taken in Cycle II, The 
pnm.iry difference isTn the replacement uf traditional 
human engineering dimensions in^Cycle H\buttock-* 
knee length, buttock-popliteal length, popliteal height, 
knee height) and opecific segmental lengthb ^acromion- 
olecranon length, elbow-wrist length, hand length) by 
eight bcgmerftal heights in Cycle III, Specific begmental 
lengthb are ebtimated in the Cycle III data by subttac- . 
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tion. r^z cjvmTipie, acromial height minus oKranun 
height provider an elstimal^ uf upper arm length 6lm- 
ilar to' that f^^ided b> direct meatou^cmerit of ac- 
, romion-olecr anon 'length. ^ 

In addition /gondii fons under which the various an* 
thropometric dimensions were measured were essen- 
tially identical in Cycles 11 and 111, although several of 
the measurements were different^ Instrumentation, in- 
struction, and measurement technique were likewise 
lasically the same in ^rtTTcycles. Hence, the observa' 
itons derived from m Cycle lllrepUcate analysts are 
generally applicable to the Cycle 11 data. 

Measurement of var^pus body dimensions presents 
a unique situation. There are a large number of vari- 
ables ^sources of error; that must be controlled in the 
medsuxement environment in general andai the moment 
of measurement in particular. General sources of error 
can be^ouped'lliro IfixTc Taic^ories, the subject, the 
instrument, and the observer. Subject position, though 
carefully standardized, is difficult to control precisely. 
Postural attitude, phase of the breathing cycle, degree 
of tension and/ ox relaxation, and soon are factors which 
make it almost impossible io Mi^ control the examinee 
so as to permit identical conditions during eacf> ottwo 
measurement sessions that comprise replicate studies. 
In, for example, measurement of segmental heights, an , 
inadvertent shifting of^ody weight from one leg to a nuth-^ 
er can alter the height of a specific landmark from the 
standing surface, or tensing of the shoulder a might make 
accurate location of acromiale difficult to replicate. 

Instruments are carefully calibrated and checked 
out during the course of the survey. Hence, instrument 
variability is reason|jbly conta^olled. It is difficult, how- 
ever, to control^mpletely ll^ubaervers* use and appli- 
cation of instruments to specilWc body landmarks In.addi- 
tion to the problem of cunalatSntly locating theae land- 
marka. Differences i)etween obaervera are inevitable, a£> 
the present replicate analyaia indicdtea, 1 ralnmg. 
both prior to and in the field, helpa reduce differ encet> 
between obaervero, but it will not eliminate them com- 
pletely. In light of this reality, there isan^obvlout* need, 
to establiah tulei;ance linglta within, ^vhlch two or ^aore 
obi>ervers are permitted tu vary In making aparticnlar 
measurement. Similarly, the same ot)a<jrver varies to 
some extent within hi^ own replicate mreasurementa, 
although intra-obberver variation, aa expected, la con- 
aiatently leaa than variation between obaervero. Perhaps 
the resulta of the Cycle 111 replicate analyais can be 
used to establish tolerance limlta within which a single 
observer is permitted to vary in an Intra^examiner 
replication and within which two or mure observer a are^" 
permitted to vary in an inter**examiner replication. 

Since variation between observers is inevitable, 
What can be concluded from this analysis? In general, 
mpasurements made \ylth the sliding and spreading' 
calipers are highly replicable. These instruments are" 
used in making bone-to-ix)ne measurements requiring 
firm pressure and traversing relatively small distancea. 
Further, the landmarks for these measurements are 



rather ea.sily located. Measurements made with the 
upper aegm?»nt^s> of the anthropometer appear to vary 
with*the specific measurement. The two foot measure- 
ments^ breadth and length, are highly replicable. The 
three bony breadth measurements acrosa the torao— 
biacrumial, bicriatal. and bitrochamericbreadtha— are 
reasonably replicable. The apparent problem with these 
measurementa relates to the cotiaiatent location of the 
landmarka, especially the iliac crest.s, and the appli- 
cation of firm pressure to compress .underlying f>oft - 
tishuca, tc.pecidll> in the ca*>e of hi trochanteric breadth. 
It. would be interesting to see a replicateanalysis of the 
two hip breadth measurement** by sex, since adolescent 
girls tend to accumulate adipose tissue over theaeslteer,'" 
The two human engineering breadth measurements, 
elbow -ellx^w breadth and seat breadth, which are made 
with the upper segment of th e anthropometer, are. some- 
wBaTdiHicult to replicate, perhaps because light sur- 
face contact is required in making these measurements. 
Girth measurements .on the torso are also difficult to 
replicate. Like the two human engineering breadth 
measurements, these dimensions require light surface 
contact with no soft tissue compression. Girth meas- 
urements on the extremities are, in general, well 
replicated. The discrepancy noted fogr calf circumfer- 
ence in the present analysis is somewhat of a surprise 
and is probably a chance occurrence. Calf circum- 
ference IS generally a well- replicated girth measure - 
mem, and the result of the pre sent* analysis can be 
overlooked to some extent. 

Height measurements, standing or sitting, are 
reasonably well replicated, .there Ms, however, con- 
siderable variation in the /eplicability of the series 
of noea&urements evaluated, iThis variation is prob- 
ably rOlatec] to both subject and observer variation. 
Although the subjected position is standardized, inad- 
vertent change ih his postural attitude Can alter the 
height of the segment landmark frOm the standing sur- 
face. It is almo^st impossible to control for this. Inter- 
observer variation is present for aU measurements, 
^Interestingly, it was least for standing height. 

As indicated earlier, differences between exam- 
iners are inevitable in 4 large-scale anthropometric 
survey. This is true regardless of efforts at control 
and/ or elimination. The extent of variation between ob- 
servers should, howeVer^ be noted and reported? Error 
irttroduced by multiple observers, i,e,, differences be- 
tween examiners, have two apparent effects; first, they 
increase variable error, Ixit second, they reduce the 
probability of a systematic error being introduced Into 
the measuring process by idiosyncrasies of individual 
observers. An increase in tfie variable error pust be 
tolerated to achieve a reduction of probable systematic 
eiror. Although variation is apparent in the present 
analysis of replicate measurements, the general im- 
pression is one of reasonable consistency in the^ meas- 
urement process utilizing multiple examiners^ Com- 
paratlvef data from other large-scale anthropometric 
.surveys of children are apparently.^ not available. 
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